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Description
Technical Field

[0001] The present invention relates to a photomask
for use in forming a fine pattern in fabrication of a semi-
conductor integrated circuit device or the like and a pat-
tern formation method using the photomask.

Background Art

[0002] Recently, there are increasing demands for fur-
ther refinement of circuit patterns for increasing the de-
gree of integration of a large scale integrated circuit de-
vice (hereinafter referred to as the LSI) realized by using
semiconductor. As aresult, it has become very significant
to thin an interconnect pattern included in a circuit.
[0003] Now, the thinning of an interconnect pattern by
a conventional optical exposure system will be described
on the assumption that positive resist process is em-
ployed. In this case, a line pattern means a portion of a
resist film not exposed to exposing light, namely, a resist
portion (a resist pattern) remaining after development.
Also, a space pattern means a portion of the resist film
exposed to the exposing light, namely, an opening por-
tion (a resist removal pattern) formed by removing the
resist film through the development. In the case where
negative resist process is employed instead of the pos-
itive resist process, the definitions of the line pattern and
the space pattern are replaced with each other.

[0004] When a pattern is formed by using the optical
exposure system, a photomask in which a light-shielding
pattern of Cr (chromium) or the like is drawn in accord-
ance with a desired pattern on a transparent substrate
(a substrate having a transparent property) of quartz or
the like is conventionally used. In such a photomask, a
region where the Cr pattern exists is a light-shielding por-
tion that does not transmit exposing light of a given wave-
length at all (having transmittance of substantially 0%)
and a region where no Cr pattern exists (an opening) is
a transparent portion that has transmittance equivalent
to that of the transparent substrate (having transmittance
of substantially 100%) against the exposing light. At this
point, all mask patterns are drawn on the transparent
substrate, and in the pattern exposure, the transparent
substrate is irradiated from a back side (i.e., a side where
the mask patterns are not provided), and therefore, the
mask patterns are irradiated with the exposing light hav-
ing passed through the transparent substrate. Accord-
ingly, when the transmittance of a mask pattern against
exposing light is herein argued, the absolute transmit-
tance of each portion of the mask pattern is not used but
relative transmittance obtained on the basis of the trans-
mittance of a transparent substrate against the exposing
light (100%) is used.

[0005] Inthe case where the photomask as described
above is used for the exposure of a wafer where a resist
has been applied, an image of light having passed

10

15

20

25

30

35

40

45

50

55

through the mask is projected onto the wafer. In this case,
a light-shielding portion of the mask corresponds to an
unexposed portion of the resist and an opening (trans-
parent portion) of the mask corresponds to an exposed
portion of the resist, so that a desired resist pattern can
be formed on the wafer. Accordingly, such a photomask,
namely, a photomask composed of a light-shielding por-
tion and a transparent portion against exposing light of
a given wavelength, is designated as a binary mask.
[0006] It is, however, difficult to accurately form a fine
pattern smaller than the exposure wavelength (the wave-
length of the exposing light) by using the binary mask
because of the light diffraction phenomenon. This is for
the following reason: Since the amplitude intensity of a
diffraction image of light passing through the mask and
projected onto a wafer is reduced, the proportion of zero-
order light corresponding to non-diffracted light, namely,
the proportion of a noise component in an optical image,
is increased, and hence, a clear image cannot be ob-
tained. As aresult, adimension error of a pattern provided
on the mask is enhanced in the projected light image,
which makes it difficult to form a pattern with desired di-
mensional accuracy. Such a phenomenon is designated
as increase of MEF (mask error factor). In recent LSIs in
which patterns are desired to be formed under highly
accurate dimensional control, the reduction of the MEF
is particularly a significant problem.

[0007] As another problem caused by the light diffrac-
tion phenomenon, there is a phenomenon that even
when a mask pattern is formed in a rectangular shape,
a resist pattern formed through exposure of the mask
pattern has round corners. In particular, in the formation
of a resist pattern in a thin line shape, the roundness of
the corners of the resist pattern leads to a phenomenon
that the line ends of the resist pattern are formed in a
recess position. Such a phenomenon causes significant
defect in integration of an LSI.

[0008] FIGS.26A and26B are diagrams for explaining
harmful influence of the roundness of the resist pattern
corners on the integration of an LSI. Specifically, FIG.
26A shows an exemplified layout pattern in which tran-
sistors are disposed. As shown in FIG. 26A, a gate layer
pattern 12 corresponding to a gate electrode of a tran-
sistor is disposed on an active layer pattern 11 corre-
sponding to an active region. Also, contact patterns 13
each corresponding to a contact connected to a source
region or a drain region are disposed on both sides of
the gate layer pattern 12 on the active layer pattern 11.
Atthis point, in order to increase the degree of integration
of an LSI by providing transistors at a high density, it is
necessary to reduce a region sandwiched between gate
layer patterns 12 corresponding to transistors adjacent
to each other (hereinafter referred to as the "opposing
region") and to reduce an external length of the gate layer
pattern 12 extending beyond the active layer pattern 11
in the opposing region. Therefore, as shown in FIG. 26A,
an external length A of the gate layer pattern 12 in the
opposing region is smaller than an external length B of
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the gate layer pattern 12 in a region opposite to the op-
posing region (hereinafter referred to as the "non-oppos-
ing region").

[0009] FIG. 26B is a diagram in which resist patterns
of respective layers formed through exposure of the pat-
terns of the respective layers of the layout pattern of FIG.
26A are overlaid. Specifically, as shown in FIG. 26B, the
shape of a resist pattern 21 corresponding to the active
layer pattern 11, the shape of a resist pattern 22 corre-
sponding to the gate layer pattern 12 and the shape of a
resist pattern 23 corresponding to the contact pattern 13
are overlaid. Furthermore, as shown in FIG. 26B, in the
resist pattern 22 corresponding to the gate layer pattern
12, line ends are rounded to be formed in recess positions
as compared with the desired mask dimension (i.e., the
dimension of the gate layer pattern 12). In this case, in
the non-opposing region where the external length B of
the gate layer pattern 12 is relatively large, a desired gate
length Lg0 at the center of the active region is realized
as a width along the gate length of the resist pattern 22
at the end of the active region. However, in the opposing
region where the external length A of the gate layer pat-
tern 12 is not sufficiently secured, a width Lg1 along the
gate length of the resist pattern 22 at the end of the active
region is smaller than the gate length Lg0. When there
is a part where a sufficient gate length cannot be secured
at the end of the active region in this manner, a source-
drain leakage currentis increased in this part, and hence,
the resultant LSI cannot be normally operated.

[0010] In this manner, when the phenomenon of the
roundness of resist pattern corners occurs, it is difficult
to reduce the opposing region sandwiched between gate
layer patterns in a circuit layout in which a plurality of
transistors are adjacent to one another and to reduce an
external length of a gate in the opposing region. There-
fore, it is a significant problem for the integration of an
LSI to prevent the phenomenon of the roundness of resist
pattern corners.

[0011] As acountermeasure for preventing the round-
ness of resist pattern corners, amethod in which a pattern
for shielding light is provided around each corner of a
mask pattern has been proposed (for example, Patent
Document 1). FIGS. 27A and 27B are diagrams for ex-
plaining a method disclosed in Patent Document 1, and
specifically, a method in which a transmittance adjust-
ment film is used for preventing the roundness of resist
pattern corners. FIG. 27A is a diagram of a desired pat-
tern to be formed through exposure. As shown in FIG.
27A, the desired pattern is a plurality of rectangular pat-
terns 30 adjacent to one another. Also, FIG. 27B is a
diagram for showing the plane structure of a photomask
used for forming the desired pattern of FIG. 27A. It is
noted that a transparent substrate is perspectively shown
in FIG. 27B. As shown in FIG. 27B, light-shielding por-
tions 51 corresponding to the desired pattern are provid-
ed on the transparent substrate 50. Furthermore, a trans-
mittance adjustment film 53 is provided in each area 52
where transparent portions 54 cross each other between
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the light-shielding portions 51 (i.e., transparent portion
crossing area). The transmittance adjustment film 53 is
used for adjusting the quantity of light passing through
the transparent portion 54, and when the transmittance
adjustment film 53 is provided at the transparent portion
crossing area 52, the quantity of light passing through
this area 52 can be reduced. Thus, itis possible to prevent
excessive light from passing through the transparent por-
tion crossing area 52, so that a corner of a resist pattern
corresponding to the transparent portion crossing area
52 and its periphery can be prevented from being round-
ed.

Patent Document 1: Japanese Laid-Open Patent
Publication No. 7-219207

Disclosure of the Invention
Problems to be Solved by the Invention

[0012] Inthe aforementioned method disclosed in Pat-
ent Document 1, namely, in the method in which a trans-
mittance adjustment film is provided in a transparent por-
tion crossing area, the roundness of resist pattern cor-
ners can be suppressed, however, the increase of MEF
with respect to a dimension of an opposing region be-
tween resist patterns cannot be suppressed in forming
fine patterns by this conventional technique. Therefore,
it is difficult to reduce the opposing region between gate
layer patterns, and hence, transistors cannot be disposed
at a high density for realizing high integration of an LSI.
[0013] In consideration of the aforementioned prob-
lems, an object of the invention is providing a photomask
by which the roundness of resist pattern corners can be
suppressed and an MEF reducing effect can be attained
in an opposing region of the pattern, and a pattern for-
mation method using the photomask.

Means for Solving the Problem

[0014] In order to achieve the object, the photomask
of this invention including a mask pattern provided on a
transparent substrate having a transparent property
against exposing light includes, on the transparent sub-
strate, a semi-light-shielding portion for partially trans-
mitting the exposing light; a first transparent portion sur-
rounded with the semi-light-shielding portion and having
a transparent property against the exposing light; and a
second transparent portion surrounding the mask pattern
and having a transparent property against the exposing
light, the mask pattern includes a first pattern region and
a second pattern region opposing each other with at least
a part of the semi-light-shielding portion and the first
transparent portion sandwiched therebetween, and the
semi-light-shielding portion, the first transparent portion
and the second transparent portion transmit the exposing
light in an identical phase.

[0015] Furthermore, the method for fabricating the
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photomask of this invention is a method for fabricating
the aforementioned photomask of this invention and in-
cludes the steps of (a) forming a semi-light-shielding film
onthe transparent substrate; (b) removing the semi-light-
shielding film in a region for the first transparent portion,
a region for the second transparent portion, the first pat-
ternregion and the second pattern region; and (c) forming
the phase shifter portion by trenching the transparent
substrate in thefirst pattern region and the second pattern
region by a given depth after the step (b).

[0016] Moreover, the pattern formation method of this
invention is a pattern formation method using the photo-
mask of the invention and includes the steps of (a) form-
ing a resist film on a substrate; (b) irradiating the resist
film with the exposing light through the photomask; and
(c) forming a resist pattern by developing the resist film
having been irradiated with the exposing light.

Effect of the Invention

[0017] According to the present invention, since a
semi-light-shielding portion is provided between a trans-
parent portion disposed in an opposing region of a mask
pattern and each pattern region, roundness of resist pat-
tern corners and recess of an end derived from the round-
ness can be suppressed as well as MEF can be reduced
also in the pattern opposing region. Accordingly, in the
case where the present invention is applied to, for exam-
ple, formation of a pattern having a circuit layout including
a plurality of transistors adjacent to one another, an op-
posing region between gate layer patterns and an exter-
nal length of a gate in the opposing region can be re-
duced, so that the transistors can be disposed at a high
density for realizing high integration of an LSI.

Brief Description of Drawings
[0018]

[FIG. 1] FIG. 1A is a diagram for showing the shape
of a desired resist pattern to be formed by using a
photomask according to Embodiment 1 of the inven-
tion, FIG. 1B is a plan view of the photomask of Em-
bodiment 1 of the invention and FIG. 1C is a cross-
sectional view of a portion corresponding to line AB
of FIG. 1B.

[FIG. 2] FIG. 2A is a plan view of a photomask of a
comparative example including a light-shielding por-
tion alone and FIG. 2B is a diagram for showing a
pair of resist patterns formed through exposure of
the photomask of FIG. 2A as a result of simulation.
[FIG. 3] FIG. 3Ais a plan view of a photomask further
including a semi-light-shielding portion provided
around an opposing region between the light-shield-
ing portions of the photomask of FIG. 2A and FIG.
3B is a diagram for showing a pair of resist patterns
formed through exposure of the photomask of FIG.
3A as a result of simulation.
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[FIG.4]FIG. 4Ais aplan view of a photomask further
including a semi-light-shielding portion provided be-
tween the light-shielding portion and a transparent
portion disposed within an opposing region of the
photomask of FIG. 3A and FIG. 4B is a diagram for
showing a pair of resist patterns formed through ex-
posure of the photomask of FIG. 4A as a result of
simulation.

[FIG. 5] FIG. 5A is a diagram for showing a result of
simulation for a CD value of an opposing distance
between resist patterns obtained through the expo-
sure of the photomask of FIG. 3A performed while
changing a pattern opposing distance S, FIG. 5B is
a diagram for showing a result of simulation fora CD
value of an opposing distance between resist pat-
terns obtained through the exposure of the photo-
mask of FIG. 4A while changing a pattern opposing
distance S, and FIG. 5C is a diagram for showing a
result of simulation for MEF of a CD value of an op-
posing distance between resist patterns formed by
using each of the photomasks of FIGS. 3A and 4A.
[FIG. 6] FIGS. 6A and 6B are diagrams for showing
variations of a plane structure of the photomask of
Embodiment 1 of the invention and FIG. 6C is a di-
agram for showing a result of simulation for MEF of
a CD value of an opposing distance between resist
patterns formed by using each of the photomasks of
FIGS. 6A and 6B.

[FIG.7]FIGS.7A, 7B and 7C are diagrams for show-
ing variations of the plane structure of the photomask
of Embodiment 1 of the invention.

[FIG. 8] FIGS. 8A, 8B and 8C are diagrams for show-
ing variations of the plane structure of the photomask
of Embodiment 1 of the invention.

[FIG. 9] FIG. 9 is a diagram for showing a variation
of the plane structure of the photomask of Embodi-
ment 1 of the invention.

[FIG. 10] FIG. 10A is a diagram for showing the
shape of a desired resist pattern to be formed by
using a photomask according to Modification 1 of
Embodiment 1 of the invention, FIG. 10B is a plan
view of the photomask of Modification 1 of Embodi-
ment 1 of the invention and FIG. 10C is a cross-
sectional view of a portion corresponding to line AB
of FIG. 10B.

[FIG. 11] FIG. 11A is a plan view of a photomask of
acomparative example including a phase shifter por-
tion alone and FIG. 11B is a diagram for showing a
pair of resist patterns formed through exposure of
the photomask of FIG. 11A as a result of simulation.
[FIG. 12] FIG. 12A is a plan view of a photomask
further including a semi-light-shielding portion pro-
vided in an opposing region between phase shifter
portions of the photomask of FIG. 11A and FIG. 12B
is a diagram for showing a pair of resist patterns
formed through exposure of the photomask of FIG.
12A as a result of simulation.

[FIG. 13] FIG. 13A is a plan view of a photomask
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further including a semi-light-shielding portion pro-
vided between the phase shifter portion and a trans-
parent portion disposed within the opposing region
of the photomask of FIG. 12A and FIG. 13B is a
diagram for showing a pair of resist patterns formed
through exposure of the photomask of FIG. 13A as
a result of simulation.

[FIG. 14] FIG. 14 is a diagram for showing a result
of simulation for MEF of a CD value of an opposing
distance between resist patterns formed by using
each of the photomasks of FIGS. 12A and 13A.
[FIG. 15] FIG. 15 is a diagram for showing a variation
of a plane structure of the photomask according to
Modification 1 of Embodiment 1 of the invention.
[FIG. 16] FIGS. 16A and 16B are cross-sectional
views of portions corresponding to lines AB and CD
of FIG. 15.

[FIG. 17] FIG. 17A is a diagram for showing the
shape of a desired resist pattern to be formed by
using a photomask according to Modification 2 of
Embodiment 1 of the invention, FIG. 17B is a plan
view of the photomask of Modification 2 of Embodi-
ment 1 of the invention and FIG. 17C is a cross-
sectional view of a portion corresponding to line AB
of FIG. 17B.

[FIG. 18] FIG. 18A is a plan view of a photomask of
acomparative example including a phase shifter por-
tion alone and FIG. 18B is a diagram for showing a
pair of resist patterns formed through exposure of
the photomask of FIG. 18A as a result of simulation.
[FIG. 19] FIG. 19A is a plan view of a photomask
further including a semi-light-shielding portion pro-
vided in an opposing region between phase shifter
portions of the photomask of FIG. 18A and FIG. 19B
is a diagram for showing a pair of resist patterns
formed through exposure of the photomask of FIG.
19A as a result of simulation.

[FIG. 20] FIG. 20A is a plan view of a photomask
further including a semi-light-shielding portion pro-
vided between the phase shifter portion and a trans-
parent portion within an opposing region of the pho-
tomask of FIG. 19A and FIG. 20B is a diagram for
showing a pair of resist patterns formed through ex-
posure of the photomask of FIG. 20A as a result of
simulation.

[FIG. 21] FIG. 21 is a diagram for showing a result
of simulation for MEF of a CD value of an opposing
distance between resist patterns formed by using
each of the photomasks of FIGS. 19A and 20A.
[FIG. 22] FIG. 22 is a diagram for showing a variation
of a plane structure of the photomask of Modification
2 of Embodiment 1 of the invention.

[FIG. 23] FIGS. 23A, 23B, 23C and 23D are cross-
sectional views of portions corresponding to lines AB
and CD of FIG. 22.

[FIG. 24] FIGS. 24A, 24B, 24C and 24D are cross-
sectional views for showing procedures in a pattern
formation method according to Embodiment 3 of the
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invention.

[FIG. 25] FIG. 25A is a diagram for showing the
shape of a general exposure light source and FIGS.
25B, 25C and 25D are diagrams for showing the
shapes of light sources for oblique incident illumina-
tion.

[FIG. 26] FIGS. 26A and 26B are diagrams for ex-
plaining harmful influence of roundness of resist pat-
tern corners on integration of an LSI.

[FIG. 27] FIGS. 27A and 27B are diagrams for ex-
plaining conventional technique using a transmit-
tance adjustment film for preventing the roundness
of resist pattern corners.

[FIG. 28] FIG. 28A is a diagram for showing the
shape of a desired resist pattern to be formed by
using a photomask according to Modification 3 of
Embodiment 1 of the invention and FIG. 28B is a
plan view of the photomask of Modification 3 of Em-
bodiment 1 of the invention.

[FIG. 29] FIG. 29 is a plan view of a photomask to
be fabricated by a photomask fabrication method ac-
cording to Embodiment 2 of the invention.
[FIG.30]FIGS. 30A, 30B, 30C, 30D, 30E, 30F, 30G,
30H, 301 and 30J are cross-sectional views for show-
ing procedures in the photomask fabrication method
of Embodiment 2 of the invention.

[FIG. 31] FIGS. 31A, 31B and 31C are plan views
respectively corresponding to the cross-sectional
views of FIGS. 30C, 30G and 30J.

Description of Reference Numerals

[0019]

100 transparent substrate

101 light-shielding portion

102 semi-light-shielding portion
103 phase shifter portion

104A first transparent portion
104b second transparent portion
105 opposing region

110 quartz substrate

111 light-shielding film (Cr film)
112 semi-light-shielding film (metal thin film)
113 phase shifting film (SiO, film)
115 trench portion

119 resist pattern

121 resist film

121 A resist pattern

122 resist film

122A resist pattern

123A resist pattern

150 transparent substrate

151 semi-light-shielding film
152 phase shifting film

153 light-shielding film

154 phase shifting film

160 transparent substrate
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160a trench portion

161 semi-light-shielding film

162 light-shielding film

163 phase shifting film

164 phase shifting film

200 desired pattern

300 substrate

301 target film

302 resist film

302a latent image portion

303 exposing light

304 exposing light having passed through photo-
mask

305 resist pattern

Best Mode for Carrying Out the Invention
(Prerequisites)

[0020] Prerequisites for describing preferred embodi-
ments of the invention will be first described.

[0021] Since a photomask is generally used in a re-
duction projection type aligner, itis necessary to consider
a reduction ratio in arguing a pattern dimension on the
mask. However, in order to avoid confusion, in the de-
scription of each embodiment below, when a pattern di-
mension on a mask is mentioned in correspondence to
a desired pattern to be formed (such as a resist pattern),
a value obtained by converting the pattern dimension by
using a reduction ratio is used unless otherwise men-
tioned. Specifically, also in the case where aresist pattern
with a width of 100 nm is formed by using a mask pattern
with a width of M x 100 nm in a 1/M reduction projection
system, the width of the mask pattern and the width of
the resist pattern are both described as 100 nm.

[0022] Also, in each embodiment of the invention, M
and NA respectively indicate a reduction ratio and nu-
merical aperture of a reduction projection optical system
of an aligner and A indicates the wavelength of exposing
light unless otherwise mentioned.

[0023] Furthermore, in the case where a pattern di-
mension for attaining an effect related to any of various
optical characteristics is defined in each embodiment of
the invention, when merely the upper limit of the pattern
dimension is mentioned, the lower limit of the pattern
dimension is 0.02 x A/NA x M. This is for the following
reason: When a pattern singly present has a dimension
smaller than approximately 0.02 x A/NA x M, it is exper-
imentally obvious that any significant optical character-
istic effect cannot be attained by the pattern no matter
whether the pattern is an opening or a light-shielding por-
tion. For example, when it is described that a specific
effect is attained by a pattern with a dimension not more
than 0.8 x A/NA x M, it means that the range of the pattern
dimension for attaining the specific effect is a range not
less than 0.02 x A/NA x M and not more than 0.8 x A/NA
x M.

[0024] Moreover, in each embodiment of the invention,
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pattern formation is described on the assumption that the
positive resist process for forming a resist pattern corre-
spondingly to an unexposed region of a resist is em-
ployed. In the case where negative resist process is em-
ployed instead of the positive resist process, since an
unexposed region of a resist is removed in the negative
resist process, a resist pattern of the positive resist proc-
ess is replaced with a space pattern.

[0025] Moreover, it is assumed that a photomask de-
scribed in each embodiment of the invention is a trans-
mission mask. In the case where the present photomask
is applied to a reflection mask instead of a transmission
mask, since a transparent region and a light-shielding
region of a transmission mask respectively correspond
to a reflection region and a non-reflection region, the
transmission phenomenon of a transmission mask is re-
placed with the reflection phenomenon. Specifically, a
transparent substrate of a transmission mask is replaced
with a substrate having, on its surface, a reflection film
for reflecting exposing light, a transparent portion or a
transparent region is replaced with a reflection portion or
a reflection region, and a light-shielding portion is re-
placed with a non-reflection portion. Furthermore, a re-
gion partially transmitting light in a transmission mask is
replaced with a region partially reflecting light in a reflec-
tionmask, and transmittance is replaced with reflectance.
Also, a semi-light-shielding portion is replaced with a
semi-reflection portion. It is noted that a phase shifter
portion of a reflection mask is a portion for reflecting light
so as to cause a phase difference from light reflected by
a reflection portion.

[0026] Furthermore, in the case where transmittance
of a mask pattern is argued in each embodiment, abso-
lute transmittance of each portion of a mask pattern is
not used but relative transmittance obtained on the basis
of the transmittance (100%) of a transparent substrate
against exposing light is used. Accordingly, in the case
where the photomask is applied not to a transmission
mask but to a reflection mask and the transmittance is
replaced with the reflectance, absolute reflectance of
each portion of a mask pattern is not used but relative
reflectance obtained on the basis of the reflectance
(100%), against exposing light, of a substrate having, on
its surface, a reflection film is used.

EMBODIMENT 1

[0027] A photomask according to Embodiment 1 of the
invention will now be described with reference to the ac-
companying drawings.

[0028] FIG. 1A is a diagram for showing the shape of
a desired resist pattern and FIG. 1B is a plan view of the
photomask of Embodiment 1. It is noted that a transpar-
ent substrate is perspectively shown in FIG. 1B.

[0029] As shown in FIG. 1A, the desired pattern is a
pair of rectangular resist patterns 200 opposing and close
to each other.

[0030] AsshowninFIG. 1B, a transparent portion 104
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(a second transparent portion 104B) is provided over a
sufficiently large area on the transparent substrate 100
in the photomask of this embodiment. Also, a mask pat-
ternincluding a pair of rectangular light-shielding portions
101 is provided on the transparent substrate 100 in a
position corresponding to the resist patterns (the desired
pattern) 200 to be formed on a wafer through exposure.
In this embodiment, the mask pattern corresponding to
the resist patterns 200 includes a pair of pattern regions
(a pair of light-shielding portions 101) opposing and close
to each other. Also, as a characteristic of this embodi-
ment, a semi-light-shielding portion 102 is provided be-
tween a first transparent portion 104A disposed in a re-
gion 105 sandwiched between the pair of pattern regions
(i.e., a pattern opposing region) and each pattern region
(i.e., each light-shielding portion 101). In other words, in
the opposing region 105, the first transparent portion
104A is provided in a position away from each light-
shielding portion 101 corresponding to each pattern re-
gion with the semi-light-shielding portion 102 sand-
wiched therebetween. Furthermore, in this embodiment,
the semi-light-shielding portion 102 is also provided
around corners of each light-shielding portion 101 (i.e.,
each pattern region) including its corners disposed on a
side of the pattern opposing region 105. The semi-light-
shielding portion 102 has a larger width in the periphery
of each corner of each light-shielding portion 101 than in
the periphery of each light-shielding portion 101 exclud-
ing the corners thereof. In other words, a part of the semi-
light-shielding portion 102 formed around each corner of
each light-shielding portion 101 is provided so as to pro-
trude beyond another part of the semi-light-shielding por-
tion 102 formed in the periphery of each light-shielding
portion 101 excluding the corners thereof.

[0031] In the photomask of this embodiment having
the aforementioned structure, the MEF can be reduced
also in the pattern opposing region as well as roundness
of corners of a resist pattern to be formed and recess of
an end derived from the roundness can be suppressed.
Accordingly, in the case where the photomask of this
embodiment is applied to formation of, for example, a
pattern having a circuit layout in which a plurality of tran-
sistors are adjacent to one another, an opposing region
between gate layer patterns and an external length of a
gate in the opposing region can be reduced, so that tran-
sistors can be disposed at a high density for realizing
high integration of an LSI.

[0032] Furthermore, in this embodiment, the semi-
light-shielding portion 102 is provided so as to surround
the first transparent portion 104A disposed in the pattern
opposing region 105. Such a structure is preferable par-
ticularly in the case where a space dimension between
resist patterns is fine.

[0033] Moreover, in this embodiment, the semi-light-
shielding portion 102 is disposed so as to surround the
periphery of the mask pattern (namely, the periphery of
the light-shielding portions 101 corresponding to the re-
spective pattern regions). Owing to such a structure, op-
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tical proximity correction (OPC) can be easily performed
in mask pattern creation.

[0034] Itis noted that the light-shielding portion 101 is
a part that does not substantially transmit light. However,
in practical use, the light-shielding portion 101 may have
transmittance of approximately 1% against exposing
light, and also in this case, it is assumed that the light-
shielding portion 101 is substantially the same as a light-
shielding portion with transmittance of 0%. Also, the
semi-light-shielding portion 102 is a part partially trans-
mitting light. In other words, the semi-light-shielding por-
tion 102 is a part that transmits light more than the light-
shielding portion 101 simultaneously present and does
not transmit light more than the transparent portions
104A and 104B simultaneously present. At this point,
there is an identical phase relationship (specifically, a
relationship with a phase difference not less than (-
30+360 x n) degrees and not more than (30+360 x n)
degrees (wherein n is an integer)) between light passing
through the semi-light-shielding portion 102 and light
passing through the transparent portions 104A and
104B.

[0035] FIG. 1C shows an exemplified cross-sectional
structure of the photomask shown in the plan view of FIG.
1B. Specifically, FIG. 1C shows the cross-sectional
structure of a portion corresponding to line AB of FIG.
1B. As shown in FIG. 1C, in this embodiment, a quartz
substrate 110 is used as an example of the transparent
substrate, and the transparent portions 104A and 104B
correspond to bare regions of the quartz substrate 110.
The semi-light-shielding portion 102 is formed by depos-
iting a metal thin film 112 of, for example, Mo as a semi-
light-shielding film on the quartz substrate 110. The ma-
terial for the metal thin film 112 may be Ta or the like
apart from Mo. Specifically, transmittance of approxi-
mately 5 through 50% against light of a wavelength of
193 nm can be realized by using a metal thin film 112
with a thickness of approximately 10 through 30 nm. The
light-shielding portion 101 is formed by further stacking,
for example, a Cr film 111 as a light-shielding film on the
metal thin film 112. Specifically, in the case where a Cr
film 111 with a thickness of approximately 50 nm is singly
deposited on, for example, the quartz substrate 110, a
light-shielding portion 101 with transmittance of approx-
imately 1% against the light of the wavelength of 193 nm
can be realized, and in the case where a Cr film 111 with
a thickness of approximately 100 nm is singly deposited
on, for example, the quartz substrate 110, a light-shield-
ing portion 101 with transmittance less than 0.1% against
the light of the wavelength of 193 nm can be realized.
Accordingly, in the case where the Cr film 111 is depos-
ited on the metal thin film 112 of, for example, Mo as in
this embodiment, the light-shielding portion 101 substan-
tially does not transmit the light.

[0036] The photomask of this embodiment having the
aforementioned structure exhibits good pattern formation
characteristics, and specifically, an MEF reducing effect
and an effect to suppress roundness of resist pattern
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corners, in forming a pattern on a wafer, which will now
be described with reference to a result of simulation. In
the following description, exposure conditions employed
in optical calculation in the simulation are an exposure
wavelength A of 193 nm and a numerical aperture NA of
0.85 unless otherwise mentioned. Also, as illumination
conditions, 2/3 annular illumination having the outer di-
ameter with a degree of interference of 0.8 and the inner
diameter with a degree of interference of 0.53 is used.
Furthermore, the transmittance of the semi-light-shield-
ing portion against exposing light is 15%.

[0037] FIGS. 2A, 2B, 3A, 3B, 4A and 4B are diagrams
for explaining that the photomask of this embodiment can
suppress the roundness of resist pattern corners. In
FIGS. 2A, 2B, 3A, 3B, 4A and 4B, a pattern opposing
region and its periphery are enlarged along a pattern op-
posing direction.

[0038] First, FIG. 2A shows the plane structure of a
photomask of a comparative example including a light-
shielding portion alone. Specifically, in the photomask of
FIG. 2A, a pair of rectangular patterns (light-shielding
portions 101) opposing and close to each other are pro-
vided as a mask pattern. In this case, each rectangular
pattern has a size of 600 nm x 200 nm, and a distance
between the rectangular patterns (namely, an opposing
distance), that is, the length of an opposing region along
the opposing direction of the rectangular patterns (an op-
posing length), is a length S. In the photomask of FIG.
2A, the respective rectangular patterns are disposed so
that the width of the opposing region along a direction
vertical to the opposing direction of the rectangular pat-
terns can be defined by the side of each rectangular pat-
tern with a length of 200 nm. Hereinafter, the photomask
showninFIG. 2Ais designated as a photomask "Type 1".
[0039] FIG. 2B shows a result of simulation for forming
a pair of resist patterns through exposure of the photo-
mask of FIG. 2A for attaining a finished dimension (a CD
value) of the opposing distance of 80 nm. As is under-
stood from the simulation result shown in FIG. 2B, a pair
of resist patterns 119 formed by using the photomask of
FIG. 2A have round corners, and hence, the CD value
of the opposing distance of 80 nm can be attained merely
between the tips of the rounded line ends. In other words,
a pattern width cannot be sufficiently secured in the resist
patterns 119 in the vicinity of a part where the CD value
of the opposing distance of 80 nm is attained.

[0040] FIG.3Ashows aplane structure ofa photomask
obtained by further providing semi-light-shielding por-
tions 102 each with a size of 300 nm x 100 nm around
the opposing region (specifically, in upper and lower re-
gions of the opposing region) positioned between the rec-
tangular patterns (the light-shielding portions 101) of the
photomask of FIG. 2A. In the photomask of FIG. 3A, the
semi-light-shielding portions 102 are provided so as to
overlap the rectangular patterns. At this point, the width
of the overlap between each rectangular pattern (each
light-shielding portion 101) and the semi-light-shielding
portion 102 is (100 nm - S nm)/2. Hereinafter, the pho-
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tomask shown in FIG. 3A is designated as a photomask
"Type 2".

[0041] FIG. 3B shows a result of simulation for forming
a pair of resist patterns through exposure of the photo-
mask of FIG. 3A for attaining a finished dimension (a CD
value) of the opposing distance of 80 nm. As is under-
stood from the simulation result shown in FIG. 3B, the
roundness of corners is suppressed in a pair of resist
patterns 119 formed by using the photomask of FIG. 3A.
As aresult, a pattern width can be sufficiently secured in
each resist pattern 119 in the vicinity of a part where the
CD value of the opposing distance of 80 nm is attained.
[0042] FIG.4A shows aplane structure of a photomask
obtained by further providing a semi-light-shielding por-
tion 102 between each rectangular pattern (each light-
shielding portion 101) and a first transparent portion
104A disposed within the opposing region of the photo-
mask of FIG. 3A. Hereinafter, the photomask shown in
FIG. 4A is designated as a photomask "Type 3". In the
photomask "Type 3", a part (in the vicinity of the opposing
region) of the rectangular pattern (the light-shielding por-
tion 101) of the photomask of FIG. 3A is replaced with
the semi-light-shielding portion 102, and the opposing
distance S corresponds to a length, along the opposing
direction, of a part of the opposing region excluding the
semi-light-shielding portion 102 (i.e., the first transparent
portion 104A). In this case, the width of the semi-light-
shielding portion 102 sandwiched between each rectan-
gular pattern (each light-shielding portion 101) and the
first transparent portion 102A disposed within the oppos-
ing region is (100 nm - S nm)/2.

[0043] FIG. 4B shows a result of simulation for forming
a pair of resist patterns through exposure of the photo-
mask of FIG. 4A for attaining a finished dimension (a CD
value) of the opposing distance of 80 nm. As is under-
stood from the simulation result shown in FIG. 4B, the
roundness of corners is suppressed in a pair of resist
patterns 119 formed by using the photomask of FIG. 4A
in the same manner as in the simulation result of the
photomask "Type 2" shown in FIG. 3B. As a result, a
pattern width can be sufficiently secured in each resist
pattern 119 in the vicinity of a part where the CD value
of the opposing distance of 80 nm is attained.

[0044] FIGS. 5A through 5C show a result of compar-
ison in MEF of CD values of the opposing distances ob-
tained through the exposure performed by using the pho-
tomasks "Type 2" and "Type 3". Specifically, FIG. 5A
shows a result of simulation for a CD value of the oppos-
ing distance between resist patterns obtained through
the exposure using the photomask "Type 2" of FIG. 3A
while changing the pattern opposing distance S. FIG. 5B
shows a result of simulation for a CD value of the oppos-
ing distance between resist patterns obtained through
the exposure using the photomask "Type 3" of FIG. 4A
while changing the pattern opposing distance S. Further-
more, FIG. 5C shows the MEF of the CD values of the
opposing distances between the resist patterns formed
by respectively using the photomasks "Type 2" and "Type
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3" calculated by substituting the results of FIGS. 5A and
5B in a calculation formula of MEF = ACD/AS.

[0045] Ingeneral, eitherinaresistpatternorinaspace
pattern, MEF of approximately 1 can be realized when
the patternis larger than A/NA, and increase of MEF can-
not be avoided when the pattern is smaller than A/NA,
and in particular, the increase of MEF is serious when
the pattern is not larger than 0.5 x A/NA. This means that
means for reducing the MEF is preferably provided when
the opposing distance of a mask pattern is A/NA or less.
[0046] As shown in FIG. 5C, in using the photomask
"Type 2", a resist pattern can be formed with MEF of
approximately 1 when the CD value of the opposing dis-
tance is 160 nm, and the MEF is increased to approxi-
mately 4 when the CD value of the opposing distance is
reduced to 80 nm. When the MEF is approximately 4,
variation of the mask dimension of approximately 1 nm
varies the resist dimension by as large as 4 nm. Under
such a circumstance, it is difficult to stably form a resist
pattern. It is noted that the opposing distance S of the
mask pattern is 49 nm when the CD value of the opposing
distance of 80 nmis attained by the photomask "Type 2".
[0047] Furthermore, as shown in FIG. 5C, in using the
photomask "Type 3", a resist pattern can be formed with
MEF not more than 1 when the CD value of the opposing
distance is 160 nm, and the MEF can be suppressed to
be not more than 3 even when the CD value of the op-
posing distance is reduced to 80 nm. In the case where
the CD value of the opposing distance of 80 nmiis attained
by using the photomask "Type 3", the opposing distance
S of the mask pattern is 22 nm, and the width (the length
along the opposing direction) of the semi-light-shielding
portion 102 disposed within the opposing region is 39
nm. Also, itis when the CD value of the opposing distance
is reduced to approximately 60 nm that the MEF of the
CD value of the opposing distance is increased beyond
4 in using the photomask "Type 3". In this case, the op-
posing distance S of the mask pattern is 18 nm, and the
width (the length along the opposing direction) of the
semi-light-shielding portion 102 disposed within the op-
posing region is 41 nm.

[0048] In this manner, the increase of the MEF can be
suppressed in realizing a fine CD value by using the pho-
tomask "Type 3", namely, the photomask of this embod-
iment, as compared with the case where the photomask
"Type 2" is used. Specifically, in order to stably form a
resist pattern with the increase of the MEF suppressed,
the CD value of the opposing distance between resist
patterns can be reduced to merely approximately 80 nm
in using the photomask "Type 2", but the CD value can
be reduced to approximately 60 nm in using the photo-
mask "Type 3".

[0049] Accordingly, informing a pattern with an oppos-
ing distance smaller than A/NA (which is 227 nm in the
above-described simulation), the MEF of the opposing
distance between resist patterns can be improved by em-
ploying the structure of the photomask "Type 3", namely,
the photomask of this embodiment, and specifically, the
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structure in which a semi-light-shielding portion is pro-
vided between atransparent portion disposed in a pattern
opposing region and each pattern region (which is a light-
shielding portion in this embodiment). This MEF improv-
ing effect is particularly remarkably exhibited in forming
a pattern with an opposing distance not more than 0.5 x
AMNA. However, a distance not less than 0.02 x A/NA is
necessary for making the opposing distance optically sig-
nificant as an opposing distance between pattern regions
separated from each other on a photomask.

[0050] Now, the MEF improving effect of this embod-
iment will be theoretically described. A corner of a resist
pattern is rounded because a light-shielding portion is
surrounded with a transparent portion at a corner of a
corresponding mask pattern and hence light passing
through the transparent portion and rounding to the back
side of the light-shielding portion becomes excessive,
namely, because a light-shielding effect of the corner of
the mask pattern is not sufficient.

[0051] When a semi-light-shielding portion is provided
around corners of a mask pattern disposed on a side of
a pattern opposing region as in the photomask "Type 2",
anisolated transparent portion is present in the opposing
region. Under this circumstance, when the isolated trans-
parent portion is reduced by increasing a light-shielding
portion used as the mask pattern, light passing through
the transparent portion is largely reduced. This seems to
be the reason why the MEF is increased in the pattern
opposing region in the photomask "Type 2".

[0052] On the other hand, when a transparent portion
disposed in a pattern opposing region is surrounded with
a semi-light-shielding portion as in the photomask "Type
3", namely; the photomask of this embodiment, and the
transparent portion is reduced by increasing the semi-
light-shielding portion, reduction of light passing through
the pattern opposing region derived from the reduction
of the transparent portion can be suppressed. This is
because a semi-light-shielding portion also has a char-
acteristic as a transparent portion, and hence, when the
transparent portion is reduced by increasing the semi-
light-shielding portion, the reduction of the transparent
portion can be substantially halved as compared with the
case where the transparent portion is reduced by increas-
ing a light-shielding portion. However, it is premised that
the amplitude of exposing lightis reduced by 50% in pass-
ing through the semi-light-shielding portion, namely, the
semi-light-shielding portion has transmittance of 25%
against the exposing light.

[0053] In other words, the MEF improving effect (re-
ducing effect) of this embodiment is higher as the trans-
mittance of the semi-light-shielding portion against the
exposing light is higher. Specifically, although the trans-
mittance of the semi-light-shielding portion is 15% in the
above-described simulation, in order to attain an effect
to allow the exposing light to pass through the semi-light-
shielding portion instead of the light-shielding portion
(namely, an effect to suppress the substantial reduction
of the transparent portion resulting from the use of the
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semi-light-shielding portion), the transmittance of the
semi-light-shielding portion is at least 5% or more and
preferably 10% or more.

[0054] Furthermore, in order to suppress the round-
ness of resist pattern corners by using the photomask of
this embodiment, the semi-light-shielding portion is re-
quired of an effect to shield excessive exposing light. In
order to realize such a shielding effect, the transmittance
of the semi-light-shielding portion is not more than 30%
at most and is preferably 20% or less.

[0055] Accordingly, in order to simultaneously attain
the MEF reducing effect and the effect to suppress the
roundness of resist pattern corners by using the photo-
mask of this embodiment, the transmittance of the semi-
light-shielding portion is preferably not less than 5% and
not more than 30%, and in order to sufficiently attain the
both effects, the transmittance of the semi-light-shielding
portion is preferably not less than 10% and not more than
20%.

[0056] In the above-described exemplified case, the
width, along the direction vertical to the pattern opposing
direction, of the transparent portion disposed in the pat-
tern opposing region is the same as the length (200 nm)
of the side, extending along the vertical direction, of each
rectangular pattern (each of a pair of light-shielding por-
tions), which does not limit the invention.

[0057] FIGS. 6A and 6B show variations of the plane
structure of the photomask "Type 3", namely, the photo-
mask of this embodiment, shown in FIG. 4A. A difference
of the photomasks of FIGS. 6A and 6B from the photo-
mask "Type 3" of FIG. 4A is that the width, along the
direction vertical to the pattern opposing direction, of the
transparent portion disposed in the pattern opposing di-
rection is different from the length of the side, extending
along the vertical direction, of each rectangular pattern
(each of a pair of light-shielding portions). In FIGS. 6A
and 6B, the pattern opposing region and its periphery
are enlarged along the pattern opposing direction.
[0058] Specifically, in each of the photomask of FIGS.
6A and 6B, a pair of rectangular patterns (light-shielding
portions 101) opposing each other at a distance of 100
nm are provided as a mask pattern in the same manner
as in the photomask "Type 3" of FIG. 4A. At this point,
in a pattern opposing region of the photomask of FIG.
6A, afirst transparent portion 104A with a length S along
the pattern opposing direction and a width R of 240 nm
along the vertical direction to the pattern opposing direc-
tion is provided. Also, in a pattern opposing region of the
photomask of FIG. 6B, a first transparent portion 104A
with a length S along the pattern opposing direction and
a width R of 140 nm along the direction vertical to the
pattern opposing direction is provided. Moreover, a semi-
light-shielding portion 102 is provided in and around the
pattern opposing region so as to surround the first trans-
parent portion 104A in each of the photomasks of FIGS.
6A and 6B. It is noted that a part of the semi-light-shield-
ing portion 102 disposed in each of an upper region and
a lower region of the pattern opposing region has a size
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of 300 nm x 100 nm.

[0059] FIG. 6C is a diagram for showing a result of
simulation for MEF of a CD value of an opposing distance
between resist patterns formed by using each of the pho-
tomasks of FIGS. 6A and 6B. As shown in FIG. 6C, in
using the photomask of FIG. 6A (including the transpar-
ent portion 104A with the width R of 240 nm disposed in
the pattern opposing region), the MEF attained when the
CD value of the opposing distance is 80 nm is approxi-
mately 3, which is equivalent to that of the photomask
"Type 3" (the photomask shown in FIG. 4A (including the
transparent portion 104A with the width R of 200 nm dis-
posed in the pattern opposing region)). Also, as shown
in FIG. 6C, in using the photomask of FIG. 6B (including
the transparent portion 104A with the width R of 140 nm
disposed in the pattern opposing region), the MEF ob-
tained when the CD value of the opposing distance is 80
nm is approximately 2.5, which is further smaller than
that attained by the photomask "Type 3".

[0060] As described so far, in order to stably form a
resist patternin this embodimenteven when the CD value
of the opposing distance between resist patterns is re-
duced, a transparent portion disposed in a pattern op-
posing region is surrounded with a semi-light-shielding
portion, and the width, along a direction vertical to the
pattern opposing direction, of the transparent portion is
set to be smaller than the length of the side (namely, an
opposing width), extending along the vertical direction,
of each rectangular pattern (each light-shielding portion).
[0061] Furthermore, since the semi-light-shielding
portion disposed in the pattern opposing region is pro-
vided so as to surround the periphery of the mask pattern
(namely, the periphery of the light-shielding portions cor-
responding to the respective pattern regions) in this em-
bodiment, the optical proximity correction for adjusting
the dimension of a resist pattern including a dimension
of a part in the vicinity of the opposing region can be
easily performed. Specifically, the dimension of a resist
pattern formed in another part apart from the part in the
vicinity of the opposing region can be also adjusted by
changing the shape of the semi-light-shielding portion.
Accordingly, when the semi-light-shielding portion is pro-
vided so as to surround the periphery of the mask pattern,
there is no need to simultaneously adjust the dimension
of the light-shielding portion and the dimension of the
semi-light-shielding portion for the correction of the di-
mension of the resist pattern, and hence, the optical prox-
imity correction can be easily performed.

[0062] In the photomask "Type 3" (the photomask of
this embodiment) used in the simulation, the dimension
(the length), along the pattern opposing direction, of the
semi-light-shielding portion provided around the pattern
opposing region is set to be the same as the opposing
distance between the pattern regions made of the light-
shielding portion. However, in order to reduce the MEF
in the photomask of this embodiment, the semi-light-
shielding portion is merely provided between the trans-
parent portion disposed in the pattern opposing region
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and each light-shielding portion corresponding to each
pattern region, and therefore, the dimension along the
pattern opposing direction of the semi-light-shielding por-
tion provided around the pattern opposing region may be
longer or shorter than the opposing distance between
the pattern regions. However, in order to prevent the
roundness of resist pattern corners, the dimension (the
width), along the direction vertical to the pattern opposing
direction, of the semi-light-shielding portion provided in
and around the pattern opposing region is preferably larg-
er than the dimension along the vertical direction (the
opposing width) of the pattern region made of the light-
shielding portion. In other words, the semi-light-shielding
portion is preferably provided not only in the pattern op-
posing region but also outside (in the periphery of) the
pattern opposing region.

[0063] Now, the relationship between the dimension
of the pattern opposing region and the dimensions of the
outline shapes of the semi-light-shielding portion and the
transparent portion will be described with reference to
FIGS. 7A through 7C. FIGS. 7A through 7C show vari-
ations of the plane structure of the photomask of this
embodiment.

[0064] In each of the photomasks shown in FIGS. 7A
through 7C, a pair of rectangular patterns (light-shielding
portions 101) close to each other at an opposing distance
T are provided as a mask pattern. In this case, the di-
mension (the width) of each light-shielding portion 101
along the direction vertical to the pattern opposing direc-
tion is indicated by H. However, in the photomask shown
in FIG. 7C, the dimension (the width) of each light-shield-
ing portion 101 corresponding to one rectangular pattern
along the direction vertical to the pattern opposing direc-
tion is set to be larger than the dimension H. Also, in each
of the photomasks of FIGS. 7A through 7C, a semi-light-
shielding portion 102 is provided in and around the pat-
tern opposing region. At this point, the dimension along
the pattern opposing direction of the outline shape of the
semi-light-shielding portion 102 is indicated by V, and
the dimension thereof along the direction vertical to the
pattern opposing direction is indicated by U. However,
the dimension V is defined with respect to a part of the
semi-light-shielding portion 102 disposed around the pat-
tern opposing region. Also, within the semi-light-shielding
portion 102 disposed in the pattern opposing region, a
first transparent portion 104A with a dimension R along
the direction vertical to the pattern opposing direction is
provided.

[0065] The dimension V along the pattern opposing
direction of the outline shape of the semi-light-shielding
portion 102 may be longer than the opposing distance T
between the rectangular patterns made of the light-
shielding portion 101 as shown in FIG. 7A, or shorter
than the opposing distance T as shown in FIG. 7B. In the
case where the rectangular patterns (the light-shielding
portions 101) opposing and close to each other have dif-
ferent dimensions as shown in FIG. 7C, the opposing
width (the width of the pattern opposing region) is defined
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by the dimension, along the vertical direction, of one rec-
tangular pattern having a shorter dimension along the
direction vertical to the pattern opposing direction. Spe-
cifically, in each of the photomasks of FIGS. 7A through
7C, the opposing width is indicated by H.

[0066] Furthermore, in this embodiment, the dimen-
sion R along the direction vertical to the pattern opposing
direction of the first transparent portion 104A is preferably
smaller than the opposing width H as in each of the pho-
tomasks of FIGS. 7A through 7C. However, in order that
the first transparent portion 104A is optically significant,
the dimension R is preferably not less than 0.02 x A/NA.
Also, the dimension U along the direction vertical to the
pattern opposing direction of the outline shape of the
semi-light-shielding portion 102 is preferably larger than
the opposing width H. However, when the dimension U
is not less than A/NA, the effect derived from the semi-
light-shielding portion 102 can be sufficiently attained,
and hence, when the dimension U is approximately A/NA,
there is no need to set the dimension U to be larger.
[0067] Moreover, in this embodiment, there is no need
for the semi-light-shielding portion 102 disposed in the
pattern opposing region to be in contact with the rectan-
gular pattern made of the light-shielding portion 101, and
for example, as shown in FIG. 8A, the semi-light-shield-
ing portion 102 and the light-shielding portion 101 may
be spaced from each other by providing, between the
semi-light-shielding portion 102 and the light-shielding
portion 101, a transparent portion with a dimension not
affecting an optical image formed by using the photo-
mask. In this case, in the same manner as in the photo-
mask of this embodiment, it is necessary to provide a
first transparent portion 104A in a position away from the
light-shielding portion 101 with the semi-light-shielding
portion 102 sandwiched therebetween. In the mask struc-
ture of this embodiment in which the light-shielding film
is stacked on the semi-light-shielding film, the mask
processing can be easily performed by providing the
semi-light-shielding portion 102 in contact with the light-
shielding portion 101.

[0068] There is no need for the semi-light-shielding
portion 102 disposed in the pattern opposing region to
completely surround the first transparent portion 104A
in this embodiment, and for example, as shown in FIG.
8B, a transparent portion with a dimension not affecting
an optical image formed by using the photomask may be
provided so as to divide the semi-light-shielding portion
102.

[0069] Furthermore, the mask structure of FIG. 8A and
the mask structure of FIG. 8B may be combined as shown
in a mask structure of FIG. 8C in this embodiment.
[0070] Moreover, in the case where the mask pattern
of this embodiment, for example, shown in FIG. 1A (that
is, a pair of light-shielding portions 101) is arranged in a
plurality of lines along the direction vertical to the pattern
opposing direction as shown in FIG. 9, in other words, in
the case where pattern opposing regions are adjacent to
each other along the vertical direction, the semi-light-
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shielding portions 102 provided around the respective
pattern opposing regions may be mutually connected. In
other words, the semi-light-shielding portion 102 may be
continuously provided for respective mask patterns each
including a pair of light-shielding portions 101.

MODIFICATION 1 OF EMBODIMENT 1

[0071] A photomask according to Modification 1 of Em-
bodiment 1 of the invention will now be described with
reference to the accompanying drawings.

[0072] FIG. 10A is a diagram for showing the shape
of a desired resist pattern and FIG. 10B is a plan view of
the photomask according to Modification 1 of Embodi-
ment 1. It is noted that a transparent substrate is per-
spectively shown in FIG. 10B.

[0073] As shown in FIG. 10A, the desired pattern is a
pair of rectangularresist patterns 200 opposing and close
to each other.

[0074] As shown in FIG. 10B, a transparent portion
104 (a second transparent portion 104B) is provided over
a sufficiently large area on the transparent substrate 100.
Also, amask pattern including a pair of rectangular phase
shifter portions 103 opposing and close to each other is
provided on the transparent substrate 100 in a position
corresponding to the resist patterns (the desired pattern)
200 to be formed on a wafer through exposure. In other
words, a difference of this modification from Embodiment
1 is that the mask pattern includes the phase shifter por-
tion 103 instead of a light-shielding portion. The mask
pattern corresponding to the resist patterns 200 includes
a pair of pattern regions (a pair of phase shifter portions
103) opposing and close to each other also in this mod-
ification as in Embodiment 1. As a characteristic of this
modification, a semi-light-shielding portion 102 is provid-
ed between a first transparent portion 104A disposed in
aregion 105 sandwiched between the pair of pattern re-
gions (a pattern opposing region) and each of the pattern
regions (namely, each of the phase shifter portions 103).
In other words, in the opposing region 105, the first trans-
parent portion 104A is provided in a position away from
each of the phase shifter portions 103 corresponding to
the pattern regions with the semi-light-shielding portion
102 sandwiched therebetween. In this modification, the
semi-light-shielding portion 102 is also provided around
corners of each phase shifter portion 103 (i.e., each pat-
tern region) including its corners disposed on a side of
the pattern opposing region 105.

[0075] In the structure of the photomask of this modi-
fication described above, also in the case where a phase
shifter portion is used as a mask pattern instead of a light-
shielding portion, the MEF can be reduced in the pattern
opposing region, and the roundness of corners of a resist
pattern to be formed and the recess of an end derived
from the roundness can be suppressed. Accordingly, in
the case where the photomask of this modification is ap-
plied to the formation of a pattern having a circuit layout
including a plurality of transistors adjacent to one anoth-
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er, the opposing region between gate layer patterns and
the external length of a gate in the opposing region can
be reduced, so that transistors can be disposed at a high
density for realizing high integration of an LSI.

[0076] Furthermore, the semi-light-shielding portion
102 is provided so as to surround the first transparent
portion 104A disposed in the pattern opposing region
105 in this modification as in Embodiment 1. Such a struc-
ture is preferred particularly when a space dimension be-
tween resist patterns is fine.

[0077] Moreover, the semi-light-shielding portion 102
is provided so as to surround the periphery of the mask
pattern (namely, the periphery of the phase shifter por-
tions 103 corresponding to the respective pattern re-
gions) in this modification as in Embodiment 1. When
such a structure is employed, the optical proximity cor-
rection (OPC) can be easily performed in mask pattern
creation.

[0078] It is noted that the semi-light-shielding portion
102 is defined in this modification in the same manner
as in Embodiment 1. Also, the phase shifter portion 103
transmits light, and there is an opposite phase relation-
ship (specifically, a relationship with a phase difference
not less than (150+360 x n) degrees and not more than
(210+360 x n) degrees (wherein nis aninteger)) between
light passing through the phase shifter portion 103 and
light passing through the transparent portions 104A and
104B. However, in this modification, the phase shifter
portion 103 used instead of a light-shielding portion is
assumed to be a phase shifter portion with low transmit-
tance. In general, when a phase shifter portion is used
as a mask pattern instead of a light-shielding portion, the
resolution of a fine pattern is improved. It is noted that a
phase shifter portion with low transmittance means a
phase shifter portion by which a resist is not exposed in
a part corresponding to the center of the phase shifter
portion even when the phase shifter portion has a large
width, and specific transmittance thereof is lower than
15% at most and is preferably not more than 9%.
[0079] FIG. 10C shows an exemplified cross-sectional
structure of the photomask shown in the plan view of FIG.
10B. Specifically, FIG. 10C shows a cross-sectional
structure of a portion corresponding to line AB of FIG.
10B. As shown in FIG. 10C, in this modification, a quartz
substrate 110 is used as an example of the transparent
substrate, and the transparent portions 104A and 104B
correspond to bare regions of the quartz substrate 110.
The semi-light-shielding portion 102 is formed by stack-
ing a metal thin film 112 of, for example, Mo as a semi-
light-shielding film on the quartz substrate 110. The ma-
terial for the metal thin film 112 may be Ta or the like
apart from Mo. Specifically, transmittance of approxi-
mately 5 through 50% against light of a wavelength of
193 nm can be realized by using a metal thin film 112
with a thickness of approximately 10 through 30 nm. The
phase shifter portion 103 is formed by further stacking,
on the metal thin film 112, a film for transmitting exposing
light, such as a SiO, film 113, in a thickness for inverting
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the phase of the exposing light (that is, approximately
180 nm with respect to a SiO, film).

[0080] The photomask of this modification having the
aforementioned structure exhibits good pattern formation
characteristics, and specifically, the MEF reducing effect
and the effect to suppress the roundness of resist pattern
corners, in forming a pattern on a wafer in the same man-
ner as in Embodiment 1, which will now be described on
the basis of a result of simulation. Exposure conditions
employed in the optical calculation in the simulation are
an exposure wavelength A of 193 nm and a numerical
aperture NA of 0.85. Also, as the illumination conditions,
2/3 annular illumination having the outer diameter with a
degree of interference of 0.8 and the inner diameter with
a degree of interference of 0.53 is used. Furthermore,
the transmittance of a semi-light-shielding portion
against exposing light is 15%, and the transmittance of
a phase shifter portion against the exposing light is 6%.
[0081] Inthe case where aphase shifter portionis used
as a mask pattern with a sufficiently large width (specif-
ically, a width larger than A/NA), the transmittance of the
phase shifter against exposing light is preferably lower
than 9%. In a mask structure in which a phase shifting
film for inverting the phase of exposing light is stacked
on a semi-light-shielding film as in this modification, a
phase shifter portion having lower transmittance than a
semi-light-shielding portion can be easily formed, and
hence, a phase shifter portion with transmittance lower
than 9% can be easily formed. However, in order to attain
a significant effect as a phase shifter portion used as a
mask pattern, the transmittance of the phase shifter por-
tion against the exposing light is preferably at least 3%
or more.

[0082] FIGS. 11A, 11B, 12A, 12B, 13A and 13B are
diagrams for explaining that the roundness of resist pat-
tern corners can be suppressed by using the photomask
of this modification. In FIGS. 11A, 11B, 12A, 12B, 13A
and 13B, a pattern opposing region and its periphery are
enlarged along the pattern opposing direction.

[0083] First, FIG. 11A shows the plane structure of a
photomask of a comparative example including a phase
shifter portion alone. Specifically, in the photomask of
FIG. 11A, a pair of rectangular patterns (phase shifter
portions 103) opposing and close to each other are pro-
vided as a mask pattern. In this case, each rectangular
pattern has a size of 600 nm x 200 nm, and a distance
between the rectangular patterns (namely, an opposing
distance), that is, the length of an opposing region along
the opposing direction of the rectangular patterns (an op-
posing length), is a length S. In the photomask of FIG.
11A, the respective rectangular patterns are arranged
so that the width (an opposing width) of the opposing
region along a direction vertical to the opposing direction
of the rectangular patterns can be defined by the side of
each rectangular pattern with a length of 200 nm. In other
words, the photomask of FIG. 11A has a structure ob-
tained by replacing the light-shielding portion 101 of the
photomask of FIG. 2A with the phase shifter portion 103,
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and has a similar structure to the photomask of FIG. 2A
apart from this replacement. Hereinafter, the photomask
shown in FIG. 11A is designated as a photomask "Type
1"

[0084] FIG. 11B shows a result of simulation for form-
ing a pair of resist patterns through exposure of the pho-
tomask of FIG. 11A for attaining a finished dimension (a
CD value) of the opposing distance of 80 nm. As is un-
derstood from the simulation result shown in FIG. 11B,
a pair of resist patterns 119 formed by using the photo-
mask of FIG. 11A have round corners, and hence, the
CD value of the opposing distance of 80 nm can be at-
tained merely between the tips of the rounded line ends.
In other words, a pattern width cannot be sufficiently se-
cured in the resist patterns 119 in the vicinity of a part
where the CD value of the opposing distance of 80 nm
is attained.

[0085] FIG. 12A shows a plane structure of a photo-
mask obtained by further providing semi-light-shielding
portions 102 each with a size of 300 nm x 100 nm around
the opposing region (specifically, in upper and lower re-
gions of the opposing region) positioned between the rec-
tangular patterns (the phase shifter portions 103) of the
photomask of FIG. 11A. In the photomask of FIG. 12A,
the semi-light-shielding portions 102 are provided so as
tooverlap the rectangular patterns. Atthis point, the width
of the overlap between each rectangular pattern (each
phase shifter portion 103) and the semi-light-shielding
portion 102 is (100 nm - S nm)/2. In other words, the
photomask of FIG. 12A has a structure obtained by re-
placing the light-shielding portion 101 of the photomask
of FIG. 3A with the phase shifter portion 103, and has a
similar structure to the photomask of FIG. 3A apart from
this replacement. Hereinafter, the photomask shown in
FIG. 12A is designated as a photomask "Type 2".
[0086] FIG. 12B shows a result of simulation for form-
ing a pair of resist patterns through exposure of the pho-
tomask of FIG. 12A for attaining a finished dimension (a
CD value) of the opposing distance of 80 nm. As is un-
derstood from the simulation result shown in FIG. 12B,
the roundness of corners is suppressed in a pair of resist
patterns 119 formed by using the photomask of FIG. 12A.
As aresult, a pattern width can be sufficiently secured in
each resist pattern 119 in the vicinity of a part where the
CD value of the opposing distance of 80 nm is attained.
[0087] FIG. 13A shows the plane structure of a photo-
mask obtained by further providing a semi-light-shielding
portion 102 between each rectangular pattern (each
phase shifter portion 103) and a first transparent portion
104A disposed within the opposing region of the photo-
mask of FIG. 12A. In other words, the photomask of FIG.
13A has a structure obtained by replacing the light-
shielding portion 101 of the photomask of FIG. 4A with
the phase shifter portion 103, and has a similar structure
to the photomask of FIG. 4A apart from this replacement.
Hereinafter, the photomask shown in FIG. 13A is desig-
nated as a photomask "Type 3". In the photomask "Type
3", a part (in the vicinity of the opposing region) of the
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rectangular pattern (the phase shifter portion 103) of the
photomask of FIG. 12A is replaced with the semi-light-
shielding portion 102, and the opposing distance S cor-
responds to a length along the opposing direction of a
part of the opposing region excluding the semi-light-
shielding portion 102 (i.e., the first transparent portion
104A). In this case, the width of the semi-light-shielding
portion 102 sandwiched between each rectangular pat-
tern (each phase shifter portion 103) and the first trans-
parent portion 102A disposed within the opposing region
is (100 nm - S nm)/2.

[0088] FIG. 13B shows a result of simulation for form-
ing a pair of resist patterns through exposure of the pho-
tomask of FIG. 13A for attaining a finished dimension (a
CD value) of the opposing distance of 80 nm. As is un-
derstood from the simulation result shown in FIG. 13B,
the roundness of corners is suppressed in a pair of resist
patterns 119 formed by using the photomask of FIG. 13A,
namely, the photomask of this modification, in the same
manner as in the simulation result of the photomask
"Type 2" shown in FIG. 12B. As a result, a pattern width
can be sufficiently secured in each resist pattern 119 in
the vicinity of a part where the CD value of the opposing
distance of 80 nm is attained.

[0089] FIG.14is adiagram for showing a result of sim-
ulation for MEF of a CD value of an opposing distance
between resist patterns formed through the exposure us-
ing each of the photomasks "Type 2" and "Type 3".
[0090] As shown in FIG. 14, in using the photomask
"Type 2", a resist pattern can be formed with MEF of
approximately 1 when the CD value of the opposing dis-
tance is 160 nm, and the MEF is increased to approxi-
mately 5 when the CD value of the opposing distance is
reduced to 80 nm. Therefore, the MEF is further degraded
as compared with the case where a light-shielding portion
is used as a mask pattern (see FIG. 5A). It is noted that
the opposing distance S of the mask pattern for attaining
the CD value of the opposing distance of 80 nm by using
the photomask "Type 2" is 68 nm.

[0091] In general, use of a phase shifter portion as a
mask pattern is advantageous in forming a fine line pat-
tern, but according to the result obtained by the photo-
mask "Type 2" shown in FIG. 14, it is understood that the
use of a phase shifter portion as a mask pattern is dis-
advantageous in reducing a pattern opposing region on
the contrary.

[0092] Furthermore, as shown in FIG. 14, in using the
photomask "Type 3", a resist pattern can be formed with
MEF not more than 1 when the CD value of the opposing
distance is 160 nm, and the MEF can be suppressed to
approximately 3 when the CD value of the opposing dis-
tance is reduced to 80 nm. In other words, the MEF ob-
tained when the CD value of the opposing distance is
reduced to 80 nm can be suppressed to the same extent
as the case where a light-shielding portion is used as a
mask pattern (see FIG. 5A). In the case where the CD
value of the opposing distance of 80 nm is attained by
using the photomask "Type 3", the opposing distance S
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of the mask pattern is 42 nm, and the width (the length
along the opposing direction) of the semi-light-shielding
portion 102 provided in the opposing region is 29 nm.
Furthermore, it is when the CD value of the opposing
distance is reduced to approximately 64 nm that the MEF
of the CD value of the opposing distance is increased
beyond 4 by using the photomask "Type 3". In this case,
the opposing distance S of the mask pattern is 36 nm,
and the width (the length along the opposing direction)
of the semi-light-shielding portion 102 provided in the
opposing region is 32 nm.

[0093] In this manner, the increase of the MEF can be
suppressed in realizing a fine CD value by using the pho-
tomask "Type 3", namely, the photomask of this modifi-
cation, as compared with the case where the photomask
"Type 2" is used. Specifically, in order to stably form a
resist pattern with the increase of the MEF suppressed,
the CD value of the opposing distance between the resist
patterns can be reduced to merely approximately 80 nm
in using the photomask "Type 2", but the CD value can
be reduced to approximately 60 nm in using the photo-
mask "Type 3".

[0094] Accordingly, in forming a pattern with an oppos-
ing distance smaller than A/NA (which is 227 nm in the
above-described simulation), the MEF of the opposing
distance between resist patterns can be improved by em-
ploying the structure of the photomask "Type 3", namely,
the photomask of this modification, and specifically, the
structure in which a semi-light-shielding portion is pro-
vided between a transparent portion disposedin a pattern
opposing region and each pattern region (which is a
phase shifter portion in this modification). This MEF im-
proving effect is remarkably exhibited particularly in form-
ing a pattern with an opposing distance not more than
0.5 x A/NA. However, a distance not less than 0.02 x
ANA is necessary for making the opposing distance op-
tically significant as an opposing distance between pat-
tern regions separated from each other on a photomask.
[0095] Now, the MEF improving effect of this modifi-
cation will be theoretically described. A corner of a resist
patternis rounded because a phase shifter portion is sur-
rounded with a transparent portion at a corner of a cor-
responding mask pattern and hence light passing
through the transparent portion and rounding to the back
side of the phase shifter portion becomes excessive,
namely, because a light-shielding effect of the corner of
the mask pattern is not sufficient.

[0096] When a semi-light-shielding portion is provided
around corners of a mask pattern on a side of a pattern
opposing region as in the photomask "Type 2", an iso-
lated transparent portion is present in the opposing re-
gion. Under this circumstance, when the isolated trans-
parent portion is reduced by increasing a phase shifter
portion used as the mask pattern, light passing through
the transparent portion is largely reduced. At this point,
the phase shifter portion has a characteristic for partially
shielding light as well as a function to cancel light passing
through the transparent portion. Therefore, as compared
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with the case where a light-shielding portion is used as
a mask pattern, light passing through a transparent por-
tion of the same size is further largely reduced. This
seems to be the reason why the MEF is increased in the
pattern opposing region of the photomask "Type 2".
[0097] On the other hand, when a semi-light-shielding
portion is provided between a transparent portion dis-
posed in a pattern opposing region and a phase shifter
portion corresponding to a mask pattern as in the photo-
mask "Type 3", namely, the photomask of this modifica-
tion, even if the mask pattern is made of the phase shifter
portion, the transparent portion can be reduced by in-
creasing the semi-light-shielding portion in the same
manner as in Embodiment 1. Therefore, reduction of light
passing through the pattern opposing region derived from
the reduction of the transparent portion can be sup-
pressed.

[0098] In other words, the MEF improving effect (re-
ducing effect) of this modification is remarkably exhibited
particularly when the mask patternincludes a phase shift-
er portion.

[0099] In order to simultaneously attain the MEF re-
ducing effect and the effect to suppress the roundness
of resist pattern corners by using the photomask of this
modification, the transmittance of the semi-light-shield-
ing portion is preferably not less than 5% and not more
than 30% in the same manner as in Embodiment 1, and
in particular, in order to sufficiently attain both the effects,
the transmittance of the semi-light-shielding portion is
preferably not less than 10% and not more than 20%.
[0100] Furthermore, in orderto stably form aresist pat-
tern even when the CD value of the opposing distance
between resist patterns is reduced in this modification, a
transparent portion disposed in a pattern opposing region
is surrounded with a semi-light-shielding portion and the
width, along the direction vertical to the pattern opposing
direction, of the transparent portion is set to be smaller
than the length of a side extending along the vertical di-
rection (i.e., the opposing width) of each rectangular pat-
tern (each phase shifter portion) in the same manner as
in Embodiment 1.

[0101] Furthermore, since the semi-light-shielding
portion disposed in the pattern opposing region is pro-
vided so as to surround the periphery of the mask pattern
(i.e., the periphery of the respective phase shifter portions
corresponding to the pattern regions) also in this modifi-
cation as in Embodiment 1, the optical proximity correc-
tion for adjusting the dimensions of the resist pattern in-
cluding the dimension of a part in the vicinity of the op-
posing region can be easily performed.

[0102] The dimension along the pattern opposing di-
rection of the semi-light-shielding portion disposed
around the pattern opposing region may be longer or
shorter than the opposing distance between the pattern
regions also in this modification as in Embodiment 1.
However, in the same manner as in Embodiment 1, for
preventing the roundness of resist pattern corners, the
dimension (the width), along the direction vertical to the
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pattern opposing direction, of the semi-light-shielding
portion disposed in and around the pattern opposing re-
gionis preferably larger than the dimension (the opposing
width) along the vertical direction of the pattern region
made of a phase shifter portion (namely, the semi-light-
shielding portion is preferably disposed not only in the
pattern opposing region but also outside (in the periph-
ery) of the opposing region).

[0103] Moreover, in this modification, the semi-light-
shielding portion 102 provided in the pattern opposing
region need not be in contact with the rectangular pattern
made of the phase shifter portion 103, but the semi-light-
shielding portion 102 and the phase shifter portion 103
may be spaced from each other by providing, between
the semi-light-shielding portion 102 and the phase shifter
portion 103, a transparent portion with a dimension not
affecting an optical image formed by using the photo-
mask.

[0104] Furthermore, the semi-light-shielding portion
102 provided in the pattern opposing region need not
completely surround the first transparent portion 104A,
but a transparent portion with a dimension not affecting
an optical image formed by using the photomask may be
disposed so as to divide the semi-light-shielding portion
102.

[0105] Moreover, in the case where the mask pattern
of this modification shown in FIG. 10A (that is, a pair of
phase shifter portions 103) is arranged in a plurality of
lines along the direction vertical to the pattern opposing
direction, in other words, in the case where pattern op-
posing regions are adjacent to each other along the ver-
tical direction, the semi-light-shielding portions 102 pro-
vided around the respective pattern opposing regions
may be mutually connected. In other words, the semi-
light-shielding portion 102 may be continuously provided
for respective mask patterns each including a pair of
phase shifter portions 103.

[0106] Although the transmittance of the semi-light-
shielding portion is set to 15% in the above-described
simulation, in order to attain an effect to allow the expos-
ing light to pass through the semi-light-shielding portion
instead of the light-shielding portion (namely, an effect
to suppress the substantial reduction of the transparent
portion resulting from the use of the semi-light-shielding
portion), the transmittance of the semi-light-shielding
portion is not less than at least 5% and preferably not
less than 10% in the same manner as in Embodiment 1.
Furthermore, in order to suppress the roundness of resist
pattern corners by using the photomask of this modifica-
tion, the semi-light-shielding portion is required of an ef-
fect to shield excessive exposing light. For this purpose,
the transmittance of the semi-light-shielding portion is
not more than 30% at most and is preferably not more
than 20% as in Embodiment 1.

[0107] Inthe photomask of this modification described
so far, a pair of pattern regions opposing each other are
both phase shifter portions. Instead, for example, one of
the pair of opposing pattern regions may be a phase shift-
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er portion 103 and the other may be a light-shielding por-
tion 101 as shown in FIG. 15. In the photomask shown
in FIG. 15, a semi-light-shielding portion 102 is provided
between a first transparent portion 104A disposed in a
pattern opposing region and each pattern region (name-
ly, each of the phase shifter portion 103 and the light-
shielding portion 101). In other words, in the pattern op-
posing region, the first transparent portion 104A is pro-
vided in a position away from each of the phase shifter
portion 103 and the light-shielding portion 101 corre-
sponding to the pattern regions with the semi-light-shield-
ing portion 102 sandwiched therebetween. Also, the
semi-light-shielding portion 102 is provided also around
corners of the phase shifter portion 103 and the light-
shielding portion 101 including their corners disposed on
a side of the pattern opposing region.

[0108] FIGS. 16A and 16B show variations of the
cross-sectional structure of the photomask shown in the
plan view of FIG. 15. Specifically, FIGS. 16A and 16B
show the cross-sectional structures of portions corre-
sponding to lines AB and CD of FIG. 15.

[0109] First, in the photomask of FIG. 16A, on a trans-
parent substrate 150 of, for example, quartz, a translu-
cent semi-light-shielding film 151 for causing an identical
phase difference (i.e., a phase difference not less than
(-30+360 x n) degrees and not more than (30+360 x n)
degrees (wherein n is an integer)) in exposing light with
reference to the transparent portions 104A and 104B is
formed. Hereinafter, causing an identical phase differ-
ence means causing a phase difference not less than (-
30+360 x n) degrees and not more than (30+360 x n)
degrees (wherein n is an integer)). As an example of
such a semi-light-shielding film 151, a metal thin film in
which n is 0 (namely, for causing a phase difference not
less than -30 degrees and not more than 30 degrees)
can be used. In this case, the transparent portions 104A
and 104B correspond to bare regions of the transparent
substrate 150, and the semi-light-shielding portion 102
corresponds to a bare region of the semi-light-shielding
film 151 deposited on the transparent substrate 150. Fur-
thermore, on the semi-light-shielding film 151, a phase
shifting film 152 for causing an opposite phase difference
(i.e., a phase difference not less than (150+360 x n) de-
grees and not more than (210+360 x n) degrees (wherein
n is an integer)) in the exposing light with reference to
the transparent portions 104A and 104B is formed. As a
material for the phase shifting film 152, for example, a
transparent glass material including SiO, as a principal
component can be used. Hereinafter, causing an oppo-
site phase difference means causing a phase difference
not less than (150+360 x n) degrees and not more than
(210+360 x n) degrees (wherein n is an integer)). In this
case, the phase shifter portion 103 corresponds to a bare
region of the phase shifting film 152 deposited on the
semi-light-shielding film 151. Furthermore, the light-
shielding portion 101 is formed by further stacking, on
the phase shifting film 152, a light-shielding film 153 sub-
stantially not transmitting the exposing light.
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[0110] In the aforementioned mask structure of FIG.
16A, arbitrary mask layout including the transparent por-
tions 104A and 104B, the light-shielding portion 101, the
semi-light-shielding portion 102 and the phase shifter
portion 103 can be formed by preparing the transparent
substrate 150 on which the semi-light-shielding film 151,
the phase shifting film 152 and the light-shielding film
153 are successively stacked and selectively removing
the light-shielding film 153, the phase shifting film 152
and the semi-light-shielding film 151. In particular, when
a metal thin film is used as the semi-light-shielding film
151, the processing accuracy for the semi-light-shielding
film 151 isimproved, and hence, the processing accuracy
for the semi-light-shielding portion 102 provided around
the light-shielding portion 101 or the phase shifter portion
103 used as the mask pattern can be improved.

[0111] Next, in the photomask shown in FIG. 16B, on
a transparent substrate 150 of, for example, quartz, a
first translucent phase shifting film 154 for causing an
opposite phase difference in exposing light with respect
to the transparent substrate 150 (a part thereof not
trenched) is formed. As the material for the first phase
shifting film 154, for example, a compound of silicon oxide
and a metal (such as MoSiO,) can be used. In this case,
the transparent portions 104A and 104B correspond to
regions of the transparent substrate 150 in which the first
phase shifting film 154 is removed and that are trenched
for causing an opposite phase difference in the exposing
light. Also, a second phase shifting film 152 (which is the
same as the phase shifting film 152 of the photomask of
FIG. 16A) for causing an opposite phase difference in
the exposing light with respect to the transparent sub-
strate 150 (the part thereof not trenched) is stacked on
the first phase shifting film 154. In this case, the semi-
light-shielding portion 102 corresponds to a bare region
of the first phase shifting film 154 deposited on the trans-
parent substrate 150, and the phase shifter portion 103
corresponds to a bare region of the second phase shifting
film 152 deposited on the first phase shifting film 154.
Furthermore, the light-shielding portion 101 is formed by
further stacking a light-shielding film 153 substantially
not transmitting the exposing light on the second phase
shifting film 152.

[0112] In the aforementioned mask structure of FIG.
16B, phase differences among the respective portions
can be independently controlled in accordance with the
formation and processing of the phase shifting films, and
hence, the phase differences among the respective por-
tions can be accurately controlled.

[0113] Although each of the semi-light-shielding film
151, the phase shifting films 152 and 154 and the like is
described as a single-layered film in each of the photo-
masks of FIGS. 16A and 16B, it goes without saying that
any of these films may be formed as a multilayered film.

MODIFICATION 2 OF EMBODIMENT 1

[0114] A photomaskaccording to Modification 2 of Em-
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bodiment 1 of the invention will now be described with
reference to the accompanying drawings.

[0115] FIG. 17A is a diagram for showing the shape
of a desired resist pattern and FIG. 17B is a plan view of
the photomask according to Modification 2 of Embodi-
ment 1. It is noted that a transparent substrate is per-
spectively shown in FIG. 17B.

[0116] As shown in FIG. 17A, the desired patternis a
pair of rectangular resist patterns 200 opposing and close
to each other.

[0117] Asshownin FIG. 17B, in the photomask of this
modification, a transparent portion 104 (a second trans-
parent portion 104B) is provided over a sufficiently large
area on the transparent substrate 100. Also, a mask pat-
tern including a pair of rectangular phase shifter portions
103 opposing and close to each other is provided on the
transparent substrate 100 in a position corresponding to
the resist patterns (the desired pattern) 200 to be formed
on a wafer through exposure. In other words, a difference
of this modification from Embodiment 1 is that the mask
pattern includes the phase shifter portion 103 instead of
a light-shielding portion similarly to Modification 1 of Em-
bodiment 1. The mask pattern corresponding to the resist
patterns 200 includes a pair of pattern regions (a pair of
phase shifter portions 103) opposing and close to each
other also in this modification as in Modification 1 of Em-
bodiment 1. As a characteristic of this modification, a
semi-light-shielding portion 102 is provided between a
first transparent portion 104A disposed in a region 105
sandwiched between the pair of pattern regions (a pat-
tern opposing region) and each of the pattern regions
(namely, each of the phase shifter portions 103). In other
words, in the opposing region 105, the first transparent
portion 104A is provided in a position away from each of
the phase shifter portions 103 corresponding to the pat-
tern regions with the semi-light-shielding portion 102
sandwiched therebetween. In this modification, the semi-
light-shielding portion 102 is also provided around cor-
ners of each phase shifter portion 103 (i.e., each pattern
region) including the corners thereof disposed on a side
of the pattern opposing region 105.

[0118] In the structure of the photomask of this modi-
fication described above, also in the case where the
phase shifter portion is used as a mask pattern instead
of a light-shielding portion, the MEF can be reduced in
the pattern opposing region, and the roundness of cor-
ners of a resist pattern to be formed and the recess of
an end derived from the roundness can be suppressed.
Accordingly, in the case where the photomask of this
modification is applied to the formation of a pattern having
a circuit layout including a plurality of transistors adjacent
to one another, the opposing region between gate layer
patterns and the external length of a gate in the opposing
region can be reduced, so that transistors can be dis-
posed at a high density for realizing high integration of
an LSI.

[0119] Furthermore, the semi-light-shielding portion
102 is provided so as to surround the first transparent

10

15

20

25

30

35

40

45

50

55

18

portion 104A disposed in the pattern opposing region
105 in this modification as in Embodiment 1. Such a struc-
ture is preferred particularly when a space dimension be-
tween resist patterns is fine.

[0120] Moreover, the semi-light-shielding portion 102
is provided so as to surround the periphery of the mask
pattern (namely, the periphery of the phase shifter por-
tions 103 corresponding to the respective pattern re-
gions) in this modification as in Embodiment 1. When
such a structure is employed, the optical proximity cor-
rection (OPC) can be easily performed in mask pattern
creation.

[0121] It is noted that the semi-light-shielding portion
102 is defined in this modification in the same manner
as in Embodiment 1. Also, the phase shifter portion 103
transmits light, and there is an opposite phase relation-
ship (specifically, a relationship with a phase difference
not less than (150+360 x n) degrees and not more than
(210+360 x n) degrees (wherein nis aninteger)) between
light passing through the phase shifter portion 103 and
light passing through the transparent portions 104A and
104B.

[0122] Although a phase shifter portion with low trans-
mittance is assumed as the phase shifter portion 103
used instead of a light-shielding portion in Modification 1
of Embodiment 1, a phase shifter portion with high trans-
mittance is assumed as the phase shifter portion 103 in
this modification. In other words, since the phase shifter
portion 103 is formed by stacking a phase shifting film
on a semi-light-shielding film in Modification 1 of Embod-
iment 1, the transmittance of the phase shifter portion
103 is unavoidably lower than the transmittance of the
semi-light-shielding film On the contrary, in this modifi-
cation, the transmittance of the phase shifter portion 103
can be made higher than the transmittance of the semi-
light-shielding film as described below. It is noted that a
phase shifter portion with low transmittance means a
phase shifter portion by which a resist is not exposed in
a part corresponding to the center of the phase shifter
portion even when the phase shifter portion has a large
width, and specific transmittance thereof is lower than
15% at most and is preferably not more than 9%. Alter-
natively, a phase shifter portion with high transmittance
means a phase shifter portion by which a resist is ex-
posed in a part corresponding to the center of the phase
shifter portion when the phase shifter portion has a large
width, and specific transmittance thereof is at least 15%
or more and is preferably 25% or more.

[0123] Moreover, in this modification, the phase shifter
portion 103 with high transmittance is used when a resist
pattern to be formed is a fine line pattern with a line width
not more than a half of A/NA. In forming a fine line pattern
with a line width not more than a half of A/NA, the phe-
nomenon in question occurring as the roundness of cor-
ners in the shape of a resist pattern is remarkably caused
as a phenomenon of taper of a line end or a phenomenon
of recess of a line end.

[0124] FIG. 17C shows an exemplified cross-sectional
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structure of the photomask shown in the plan view of FIG.
17B. Specifically, FIG. 17C shows a cross-sectional
structure of a portion corresponding to line AB of FIG.
17B. As shown in FIG. 17C, in this modification, a quartz
substrate 110 is used as an example of the transparent
substrate, and the transparent portions 104A and 104B
correspond to bare regions of the quartz substrate 110.
The semi-light-shielding portion 102 is formed by stack-
ing a metal thin film 112 of, for example, Mo as a semi-
light-shielding film on the quartz substrate 110. The ma-
terial for the metal thin film 112 may be Ta or the like
apart from Mo. Specifically, transmittance of approxi-
mately 5 through 50% against light of a wavelength of
193 nm can be realized by using a metal thin film 112
with a thickness of approximately 10 through 30 nm. The
phase shifter portion 103 is formed by forming an opening
in the metal thin film (the semi-light-shielding film) 112
used as the semi-light-shielding portion 102 and trench-
ing the quartz substrate 110 within the opening by a depth
for inverting the phase of the exposing light. In other
words, the phase shifter portion 103 is formed as a trench
portion 115 of the quartz substrate 110. Owing to this
structure, the phase shifter portion 103 is made of a ma-
terial having the same transmittance as the transparent
substrate, and hence, the photomask of this modification
can be realized by using the phase shifter portion 103
having very high transmittance.

[0125] The photomask of this modification having the
aforementioned structure exhibits good pattern formation
characteristics, and specifically, the MEF reducing effect
and the effect to suppress roundness of resist pattern
corners (and particularly, an effect to suppress the taper
of aline end), in forming a pattern on a wafer in the same
manner as in Embodiment 1, which will now be described
on the basis of a result of simulation. Exposure conditions
employed in the optical calculation in the simulation are
an exposure wavelength A of 193 nm and a numerical
aperture NA of 0.85. Also, as the illumination conditions,
2/3 annular illumination having the outer diameter with a
degree of interference of 0.8 and the inner diameter with
a degree of interference of 0.53 is used. Furthermore,
the transmittance of a semi-light-shielding portion
against the exposing light is 15%, and the transmittance
of a phase shifter portion against the exposing light is
100%.

[0126] Inthe case where aphase shifter portionis used
as a mask pattern in forming a fine line pattern with a
dimension close to the resolution limit, namely, a dimen-
sion not more than 0.4 x A/NA, the transmittance of the
phase shifter portion against exposing light is preferably
as high as possible, and transmittance of 100% is ideally
the most preferred. In a mask structure in which an open-
ing is formed in a semi-light-shielding film and a phase
shifter portion is provided in this opening as in this mod-
ification, a phase shifter portion having higher transmit-
tance than a semi-light-shielding portion can be easily
formed. Furthermore, as described in Embodiment 1, the
transmittance of a semi-light-shielding portion is prefer-
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ably 30% or less, and hence, the mask structure of this
modification in which a phase shifter portion with trans-
mittance exceeding 30% can be easily realized by form-
ing an opening in a semi-light-shielding film used as a
semi-light-shielding portion is particularly preferable for
forming a fine line pattern.

[0127] FIGS. 18A, 18B, 19A, 19B, 20A and 20B are
diagrams for explaining that the taper of a line end of a
resist pattern can be suppressed by using the photomask
of this modification. In FIGS. 18A, 18B, 19A, 19B, 20A
and 20B, a pattern opposing region and its periphery are
enlarged along the pattern opposing direction.

[0128] First, FIG. 18A shows the plane structure of a
photomask of a comparative example including a phase
shifter portion alone. Specifically, in the photomask of
FIG. 18A, a pair of rectangular patterns (phase shifter
portions 103) opposing and close to each other are pro-
vided as a mask pattern. In this case, each rectangular
pattern has a size of 600 nm x 75 nm, and a distance
between the rectangular patterns (namely, an opposing
distance), that is, the length of an opposing region along
the opposing direction of the rectangular patterns (an op-
posing length), is a length S. In the photomask of FIG.
18A, the respective rectangular patterns are arranged
so that the width (an opposing width) of the opposing
region along a direction vertical to the opposing direction
of the rectangular patterns can be defined by a side of
each rectangular pattern with a length of 75 nm. Herein-
after, the photomask shown in FIG. 18A is designated
as a photomask "Type 1".

[0129] FIG. 18B shows a result of simulation for form-
ing a pair of resist patterns through exposure of the pho-
tomask of FIG. 18A for attaining a finished dimension (a
CD value) of the opposing distance of 66 nm. As is un-
derstood from the simulation result shown in FIG. 18B,
a pair of resist patterns 119 formed by using the photo-
mask of FIG. 18A have tapered line ends, and hence,
the CD value of the opposing distance of 66 nm can be
attained merely between the tips of the tapered line ends.
In other words, a pattern width cannot be sufficiently se-
cured in the resist patterns 119 in the vicinity of a part
where the CD value of the opposing distance of 66 nm
is attained.

[0130] FIG. 19A shows a plane structure of a photo-
mask obtained by further providing semi-light-shielding
portions 102 each with a size of 300 nm x 100 nm around
the opposing region (specifically, in upper and lower re-
gions of the opposing region) positioned between the rec-
tangular patterns (the phase shifter portions 103) of the
photomask of FIG. 18A. In the photomask of FIG. 19A,
the semi-light-shielding portions 102 are provided so as
to overlap the rectangular patterns. At this point, the width
of the overlap between each rectangular pattern (each
phase shifter portion 103) and the semi-light-shielding
portion 102 is (100 nm - S nm)/2. Hereinafter, the pho-
tomask shown in FIG. 19A is designated as a photomask
"Type 2".

[0131] FIG. 19B shows a result of simulation for form-
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ing a pair of resist patterns through exposure of the pho-
tomask of FIG. 19A for attaining a finished dimension (a
CD value) of the opposing distance of 66 nm. As is un-
derstood from the simulation result shown in FIG. 19B,
the taper of line ends is suppressed in a pair of resist
patterns 119 formed by using the photomask of FIG. 19A.
As aresult, a pattern width can be sufficiently secured in
each resist pattern 119 in the vicinity of a part where the
CD value of the opposing distance of 66 nm is attained.
[0132] FIG. 20A shows a plane structure of a photo-
mask obtained by further providing a semi-light-shielding
portion 102 between each rectangular pattern (each
phase shifter portion 103) and a first transparent portion
104A disposed within the opposing region of the photo-
mask of FIG. 19A. Hereinafter, the photomask shown in
FIG. 20A is designated as a photomask "Type 3". In the
photomask "Type 3", a part (in the vicinity of the opposing
region) of the rectangular pattern (the phase shifter por-
tion 103) of the photomask of FIG. 19A is replaced with
the semi-light-shielding portion 102, and the opposing
distance S corresponds to a length along the opposing
direction of a part of the opposing region excluding the
semi-light-shielding portion 102 (i.e., the first transparent
portion 104A). In this case, the width of the semi-light-
shielding portion 102 sandwiched between each rectan-
gular pattern (each phase shifter portion 103) and the
first transparent portion 104 A disposed within the oppos-
ing region is (100 nm - S nm)/2.

[0133] FIG. 20B shows a result of simulation for form-
ing a pair of resist patterns through exposure of the pho-
tomask of FIG. 20A for attaining a finished dimension (a
CD value) of the opposing distance of 66 nm. As is un-
derstood from the simulation result shown in FIG. 20B,
the taper of line ends is suppressed in a pair of resist
patterns 119 formed by using the photomask of FIG. 20A,
namely, the photomask of this modification, in the same
manner as in the simulation result of the photomask
"Type 2" shown in FIG. 19B. As a result, a pattern width
can be sufficiently secured in each resist pattern 119 in
the vicinity of a part where the CD value of the opposing
distance of 66 nm is attained.

[0134] FIG. 21 is a diagram for showing a result of sim-
ulation for MEF of a CD value of an opposing distance
between resist patterns formed through exposure using
each of the photomasks "Type 2" and "Type 3".

[0135] As shown in FIG. 21, in using the photomask
"Type 2", it is difficult to form a resist pattern with MEF
of approximately 1 even when the CD value of the op-
posing distance is 100 nm, and the MEF is increased to
approximately 4 when the CD value of the opposing dis-
tance is reduced to 66 nm. It is noted that the opposing
distance S of the mask pattern for attaining a CD value
of the opposing distance of 66 nm by using the photo-
mask "Type 2" is 72 nm.

[0136] Furthermore, as shown in FIG. 21, in using the
photomask "Type 3", a resist pattern can be formed with
MEF not more than 1 when the CD value of the opposing
distance is 100 nm, and the MEF can be suppressed to
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approximately 2 or less when the CD value of the oppos-
ing distance is reduced to 66 nm. In other words, a very
high MEF improving effect can be attained by using the
photomask "Type 3". In the case where the CD value of
the opposing distance of 66 nm is attained by using the
photomask "Type 3", the opposing distance S of the mask
pattern is 24 nm, and the width (the length along the
opposing direction) of the semi-light-shielding portion
102 disposed in the opposing region is 38 nm. Further-
more, it is when the CD value of the opposing distance
is reduced to approximately 40 nm that the MEF of the
CD value of the opposing distance is increased beyond
4 in using the photomask "Type 3". In this case, the op-
posing distance S of the mask pattern is 32 nm, and the
width (the length along the opposing direction) of the
semi-light-shielding portion 102 disposed in the opposing
region is 34 nm.

[0137] In this manner, the increase of the MEF can be
suppressed in realizing a fine CD value by using the pho-
tomask "Type 3", namely, the photomask of this modifi-
cation, as compared with the case where the photomask
"Type 2" is used. Specifically, in order to stably form a
resist pattern with the increase of the MEF suppressed,
the CD value of the opposing distance between the resist
patterns can be reduced to merely approximately 66 nm
in using the photomask "Type 2", but the CD value can
be reduced to approximately 40 nm in using the photo-
mask "Type 3".

[0138] Accordingly, in forming a pattern with an oppos-
ing distance smaller than A/NA (which is 227 nm in the
above-described simulation), the MEF of the opposing
distance between resist patterns can be improved by em-
ploying the structure of the photomask "Type 3", namely,
the photomask of this modification, and specifically, the
structure in which a semi-light-shielding portion is pro-
vided between atransparent portion disposed in a pattern
opposing region and each pattern region (which is a
phase shifter portion in this modification). This MEF im-
proving effect is remarkably exhibited in forming a pattern
with an opposing distance not more than 0.5 x A/NA. How-
ever, a distance not less than 0.02 x A/NA is necessary
for making the opposing distance optically significant as
an opposing distance between pattern regions separated
from each other on a photomask.

[0139] The principle of the MEF improving effect at-
tained in this modification is the same as that described
in Modification 1 of Embodiment 1. Specifically, the MEF
improving effect (reducing effect) of this modification is
particularly remarkably exhibited when a mask pattern
used for forming a fine line pattern includes a phase shift-
er portion with very high transmittance. A phase shifter
portion with high transmittance means a phase shifter
portion by which a resist is exposed in a part correspond-
ing to the center of the phase shifter portion when the
phase shifter has a large width, and the specific trans-
mittance thereof is at least 15% or more and is preferably
25% or more. In other words, a phase shifter portion with
very high transmittance means a phase shifter portion
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with transmittance of 25% or more.

[0140] In order to simultaneously attain the MEF re-
ducing effect and the effect to suppress the roundness
of resist pattern corners by using the photomask of this
modification, the transmittance of the semi-light-shield-
ing portion is preferably not less than 5% and not more
than 30% in the same manner as in Embodiment 1, and
in particular, in order to sufficiently attain both the effects,
the transmittance of the semi-light-shielding portion is
preferably not less than 10% and not more than 20%.
[0141] Furthermore, in order to stably form a resist pat-
tern even when the CD value of the opposing distance
between resist patterns is reduced in this modification, a
transparent portion disposed in a pattern opposing region
is surrounded with a semi-light-shielding portion and the
width, along the direction vertical to the pattern opposing
direction, of the transparent portion is set to be smaller
than the length of a side extending along the vertical di-
rection (i.e., the opposing width) of each rectangular pat-
tern (each phase shifter portion) in the same manner as
in Embodiment 1.

[0142] Furthermore, since a semi-light-shielding por-
tion disposed in a pattern opposing region is provided so
as to surround the periphery of the mask pattern (i.e., the
periphery of respective phase shifter portions corre-
sponding to pattern regions) also in this modification as
in Embodiment 1, the optical proximity correction for ad-
justing the dimension of a resist pattern including the di-
mension of a part in the vicinity of the opposing region
can be easily performed.

[0143] The dimension along the pattern opposing di-
rection of the semi-light-shielding portion disposed
around the pattern opposing region may be longer or
shorter than the opposing distance between pattern re-
gions also in this modification as in Embodiment 1. How-
ever, in the same manner as in Embodiment 1, for pre-
venting the roundness of resist pattern corners, the di-
mension (the width), along the direction vertical to the
pattern opposing direction, of the semi-light-shielding
portion disposed in and around the pattern opposing re-
gionis preferably larger than the dimension (the opposing
width) along the vertical direction of the pattern region
made of the phase shifter portion (namely, the semi-light-
shielding portion is preferably provided not only in the
pattern opposing region but also outside (in the periph-
ery) of the opposing region).

[0144] Moreover, in this modification, the semi-light-
shielding portion 102 provided in the pattern opposing
region need not be in contact with the rectangular pattern
made of the phase shifter portion 103, but the semi-light-
shielding portion 102 and the phase shifter portion 103
may be spaced from each other by providing, between
the semi-light-shielding portion 102 and the phase shifter
portion 103, a transparent portion with a dimension not
affecting an optical image formed by using the photo-
mask.

[0145] Furthermore, the semi-light-shielding portion
102 provided in the pattern opposing region need not

10

15

20

25

30

35

40

45

50

55

21

38

completely surround the first transparent portion 104A,
but a transparent portion with a dimension not affecting
an optical image formed by using the photomask may be
disposed so as to divide the semi-light-shielding portion
102.

[0146] Moreover, in the case where the mask pattern
of this embodiment shown in FIG. 17A (that is, a pair of
phase shifter portions 103) is arranged in a plurality of
lines along the direction vertical to the pattern opposing
direction, in other words, in the case where pattern op-
posing regions are adjacent to each other along the ver-
tical direction, the semi-light-shielding portions 102 pro-
vided around the respective pattern opposing regions
may be mutually connected. In other words, the semi-
light-shielding portion 102 may be continuously provided
for respective mask patterns each including a pair of
phase shifter portions 103.

[0147] Inthe photomask of this modification described
so far, a pair of pattern regions opposing each other are
both phase shifter portions. Instead, for example, one of
the pair of opposing pattern regions may be a phase shift-
er portion 103 and the other may be a light-shielding por-
tion 101 as shown in FIG. 22. In the photomask shown
in FIG. 22, a semi-light-shielding portion 102 is provided
between a first transparent portion 104A disposed in a
pattern opposing region and each pattern region (name-
ly, each of the phase shifter portion 103 and the light-
shielding portion 101). In other words, in the pattern op-
posing region, the first transparent portion 104A is pro-
vided in a position away from each of the phase shifter
portion 103 and the light-shielding portion 101 corre-
sponding to the pattern regions with the semi-light-shield-
ing portion 102 sandwiched therebetween. Also, the
semi-light-shielding portion 102 is provided also around
corners of each of the phase shifter portion 103 and the
light-shielding portion 101 including corners thereof dis-
posed on a side of the pattern opposing region.

[0148] FIGS. 23A through 23D show variations of the
cross-sectional structure of the photomask shown in the
plan view of FIG. 22. Specifically, each of FIGS. 23A
through 23D shows the cross-sectional structure of por-
tions corresponding to lines AB and CD of FIG. 22. As a
difference of the cross-sectional structures of the photo-
mask of this modification shown in FIGS. 23A through
23D from that of Modification 1 of Embodiment 1, a phase
shifter portion having higher transmittance than a semi-
light-shielding portion can be formed.

[0149] First, in the photomask of FIG. 23A, on a trans-
parent substrate 160 of, for example, quartz, a translu-
cent semi-light-shielding film 161 for causing an identical
phase difference (i.e., a phase difference not less than
(-30+360 x n) degrees and not more than (30+360 x n)
degrees (wherein n is an integer)) in exposing light with
reference to the transparent portions 104A and 104B is
formed. Hereinafter, causing an identical phase differ-
ence means causing a phase difference not less than (-
30+360 x n) degrees and not more than (30+360 x n)
degrees (wherein nis aninteger)). As an example of such
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a semi-light-shielding film 161, a metal thin film in which
n is 0 (namely, for causing a phase difference not less
than -30 degrees and not more than 30 degrees) can be
used. In this case, the transparent portions 104A and
104B correspond to bare regions of the transparent sub-
strate 160, and the semi-light-shielding portion 102 cor-
responds to a bare region of the semi-light-shielding film
161 deposited on the transparent substrate 160. Further-
more, a region for the phase shifter portion 103 on the
transparent substrate 160 is trenched by a depth for
causing an opposite phase difference (i.e., a phase dif-
ference not less than (150+360 x n) degrees and not
more than (210+360 x n) degrees (wherein n is an inte-
ger)) in the exposing light with reference to the transpar-
ent portions 104A and 104B. Thus, the phase shifter por-
tion 103 is formed as a trench portion 160a of the trans-
parent substrate 160. Hereinafter, causing an opposite
phase difference means causing a phase difference not
less than (150+360 x n) degrees and not more than
(210+360 x n) degrees (wherein n is an integer)). Fur-
thermore, the light-shielding portion 101 is formed by fur-
ther stacking, on the semi-light-shielding film 161, a light-
shielding film 162 substantially not transmitting the ex-
posing light.

[0150] In the aforementioned mask structure of FIG.
23A, arbitrary mask layout including the transparent por-
tions 104A and 104B, the light-shielding portion 101, the
semi-light-shielding portion 102 and the phase shifter
portion 103 can be formed by preparing the transparent
substrate 160 on which the semi-light-shielding film 161
and the light-shielding film 162 are successively stacked,
selectively removing the light-shielding film 162 and the
semi-light-shielding film 161 and trenching the transpar-
ent substrate 160. In particular, when a metal thin film is
used as the semi-light-shielding film 161, the processing
accuracy for the semi-light-shielding flm 161 is improved,
and hence, the processing accuracy for the semi-light-
shielding portion 102 provided around the light-shielding
portion 101 or the phase shifter portion 103 correspond-
ing to the mask pattern can be improved.

[0151] Next, in the photomask shown in FIG. 23B, on
a transparent substrate 160 of, for example, quartz, a
phase shifting film 163 for causing an opposite phase
difference in exposing light with respect to a bare region
of the transparent substrate 160 (corresponding to a
phase shifter portion 103 in this mask) is formed. As the
material for the phase shifting film 163, for example, a
transparent glass material including SiO, as a principal
component can be used. In this case, the transparent
portions 104A and 104B correspond to bare regions of
the phase shifting film 163 deposited on the transparent
substrate 160, and the phase shifter portion 103 corre-
sponds to a bare region of the transparent substrate 160
in which the phase shifting film 163 is removed. Also, a
translucent semi-light-shielding film 161 for causing an
identical phase difference in the exposing light with re-
spect to the transparent portions 104A and 104B is
stacked on the phase shifting film 163. In this case, the
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semi-light-shielding portion 102 corresponds to a bare
region of the semi-light-shielding film 161 deposited on
the phase shifting film 163. Furthermore, the light-shield-
ing portion 101 is formed by further stacking a light-shield-
ing film 162 substantially not transmitting the exposing
light on the semi-light-shielding film 161.

[0152] In the aforementioned mask structure of FIG.
23B, the phase shifting film 163 is used for adjusting the
phase of the phase shifter portion 103 in accordance with
the thickness of the phase shifting film 163. Accordingly,
as compared with the case where the phase of the phase
shifter portion 103 is adjusted in accordance with the
depth for trenching the transparent substrate 160, the
phase of the phase shifter portion 103 can be more ac-
curately controlled.

[0153] Next, in the photomask shown in FIG. 23C, on
a transparent substrate 160 of, for example, quartz, a
translucent phase shifting film 164 for causing an oppo-
site phase difference in exposing light with respect to a
bare region of the transparent substrate 160 (a part there-
of not trenched) is formed. As the material for the phase
shifting film 164, for example, a compound of silicon oxide
and a metal (such as MoSiO,) can be used. In this case,
the transparent portions 104A and 104B correspond to
a region on the transparent substrate 160 in which the
phase shifting film 164 is removed and that is trenched
by a depth for causing an opposite phase difference in
the exposing light. Furthermore, the phase shifter portion
103 corresponds to a bare region of the transparent sub-
strate 160 in which the phase shifting film 164 is removed.
Also, the semi-light-shielding portion 102 corresponds to
a bare region of the phase shifting film 164 deposited on
the transparent substrate 160. Moreover, the light-shield-
ing portion 101 is formed by stacking, on the phase shift-
ing film 164, a light-shielding film 162 substantially not
transmitting the exposing light.

[0154] In the plane structure of the photomask of the
present invention, there is no need to form a finer pattern
for a transparent portion than a phase shifter portion on
the basis of the principle of the invention. Also, a trench
portion of a transparent substrate to be used as a phase
shifter portion is generally formed by etching. When a
pattern to be processed in the etching is finer, however,
there occurs a micro loading effect that a trenched depth
is varied in accordance with the pattern dimension. How-
ever, in the structure shown in FIG. 23C, the trench por-
tion of the transparent substrate 160 is used not as the
phase shifter portion 103 but as the transparent portions
104A and 104B, and there is no need to form a finer
pattern for the transparent portions 104A and 104B than
the phase shifter portion 103 as described above. There-
fore, the micro loading effect can be avoided in trenching
the transparent substrate 160, and hence, the mask
processing can be eased.

[0155] Next, in the photomask shown in FIG. 23D, on
a transparent substrate 160 of, for example, quartz, a
first phase shifting film 163 (the same as the phase shift-
ing film 163 of FIG. 23B) for causing an opposite phase
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difference in exposing light with respect to a bare region
of the transparent substrate 160 (corresponding to the
transparent portions 104A and 104B in this mask) is
formed. In this case, the transparent portions 104A and
104B correspond to the bare region of the transparent
substrate 160, and the phase shifter portion 103 corre-
sponds to a bare region of the first phase shifting film 163
deposited on the transparent substrate 160. Also, a trans-
lucent second phase shifting film 164 (the same as the
phase shifting film 164 of the photomask of FIG. 23C) for
causing an opposite phase difference in the exposing
light with respect to the transparent portions 104A and
104B is stacked on the first phase shifting film 163. In
this case, the semi-light-shielding portion 102 corre-
sponds to a bare region of the second phase shifting film
164 deposited on the first phase shifting film 163. Fur-
thermore, the light-shielding portion 101 is formed by
stacking, on the second phase shifting film 164, a light-
shielding film 162 substantially not transmitting the ex-
posing light.

[0156] In the aforementioned mask structure of FIG.
23D, the phase shifting film 163 is used for adjusting the
phase of the phase shifter portion 103 in accordance with
the thickness of the phase shifting film 163. Therefore,
as compared with the case where the phase of the phase
shifter portion 103 is adjusted in accordance with a depth
for trenching the transparent substrate 160, the phase of
the phase shifter portion 103 can be more accurately
controlled.

[0157] In the photomask having the cross-sectional
structure shown in any of FIGS. 23B through 23D, the
thickness of the film used as the phase shifter portion
causing an opposite phase difference or the thickness of
the film used as the semi-light-shielding portion causing
an identical phase difference needs to be approximately
several hundred nm for phase adjustment. On the con-
trary, in the photomask having the cross-sectional struc-
ture of FIG. 23A, a thin film with a thickness of approxi-
mately several tens nm at most is used as the semi-light-
shielding portion 102, and therefore, the microprocessing
in performing patterning for the mask processing can be
easily performed. In this case, examples of the metal
material usable for the thin film are metals such as Cr
(chromium), Ta (tantalum), Zr (zirconium), Mo (molybde-
num) and Ti (titanium) and alloys of these metals. Specific
examples of the alloy are Ta-Cr alloy, and a compound
of Zr, Mo or Ti with Si.

[0158] In this manner, in the photomask having the
cross-sectional structure shown in FIG. 23A, since the
film to be processed is the semi-light-shielding film 161
made of a metal thin film, the microprocessing for the
mask processing can be eased. Accordingly, the photo-
mask shown in FIG. 23A is good at easiness in the mask
processing.

[0159] Although each of the semi-light-shielding film
161, the phase shifting films 163 and 164 and the like is
described as a single-layered film in each of the photo-
masks of FIGS. 23A through 23D, it goes without saying
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that any of these films may be formed as a multilayered
film.

MODIFICATION 3 OF EMBODIMENT 1

[0160] A photomaskaccording to Modification 3 of Em-
bodiment 1 of the invention will now be described with
reference to the accompanying drawings.

[0161] FIG. 28A is a diagram for showing the shape
of a desired resist pattern and FIG. 28B is a plan view of
the photomask according to Modification 3 of Embodi-
ment 1. It is noted that a transparent substrate is omitted
in FIG. 28B.

[0162] As shown in FIG. 28A, the desired pattern is a
plurality of rectangular resist patterns 200 disposed close
to each other in the form of a matrix. The respective resist
patterns 200 are adjacent to one another with their short
sides opposing each other and their long sides opposing
each other.

[0163] Asshownin FIG. 28B, in the photomask of this
modification, a transparent portion 104 (a second trans-
parent portion 104B) is provided over a sufficiently large
area on the transparent substrate (not shown). Further-
more, a mask pattern including a plurality of rectangular
phase shifter portions 103 is provided on the transparent
substrate 1 in a position corresponding to the resist pat-
terns (the desired pattern) 200 to be formed on a wafer
through exposure. In other words, the mask pattern of
this embodiment includes the phase shifter portions 103
instead of a light-shielding portion in the same manner
as in Modification 1 of Embodiment 1. In this modification,
the mask pattern corresponding to the resist patterns 200
includes a plurality of pattern regions (a plurality of phase
shifter portions 103) disposed close to one another in the
form of a matrix. Also, as a characteristic of this modifi-
cation, a semi-light-shielding portion 102 is provided be-
tween a first transparent portion 104A disposed in a re-
gion sandwiched between pattern regions having short
sides opposing each other out of the plural pattern re-
gions (a pattern opposing region 105 having the minimum
opposing distance) and each pattern region (i.e., each
phase shifter portion 103). In other words, in the pattern
opposing region 105, the first transparent portion 104A
is provided in a position away from each phase shifter
portion 103 corresponding to each pattern region with
the semi-light-shielding portion 102 sandwiched there-
between. Also, in this modification, the semi-light-shield-
ing portion 102 is provided also around corners of each
phase shifter portion 103 (namely, each pattern region)
including its corners on a side of the pattern opposing
region 105. Furthermore, in this modification, a second
transparent portion 104B is provided between pattern
regions having long sides opposing each other out of the
plural pattern regions (having alonger opposing distance
than the pattern opposing region 105).

[0164] In the structure of the photomask of this modi-
fication described above, also in the case where the
phase shifter portion is used as a mask pattern instead
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of a light-shielding portion, the MEF can be reduced in
the pattern opposing region, and the roundness of cor-
ners of a resist pattern to be formed and the recess of
an end derived from the roundness can be suppressed.
Accordingly, in the case where the photomask of this
modification is applied to the formation of a pattern having
a circuit layout including a plurality of transistors adjacent
to one another, the opposing region between gate layer
patterns and the external length of a gate in the opposing
region can be reduced, so that transistors can be dis-
posed at a high density for realizing high integration of
an LSI.

[0165] Furthermore, the semi-light-shielding portion
102 is provided so as to surround the first transparent
portion 104A disposed in the pattern opposing region
105in this modification asin Embodiment 1. Such a struc-
ture is preferred particularly when a space dimension be-
tween resist patterns is fine.

[0166] Moreover, the semi-light-shielding portion 102
is provided so as to surround the periphery of the mask
pattern (namely, the periphery of the phase shifter por-
tions 103 corresponding to the respective pattern re-
gions) in this modification as in Embodiment 1. When
such a structure is employed, the optical proximity cor-
rection (OPC) can be easily performed in mask pattern
creation.

[0167] It is noted that the semi-light-shielding portion
102 is defined in this modification in the same manner
as in Embodiment 1. Also, the phase shifter portion 103
transmits light, and there is an opposite phase relation-
ship (specifically, a relationship with a phase difference
not less than (150+360 x n) degrees and not more than
(210+360 x n) degrees (wherein nis aninteger)) between
light passing through the phase shifter portion 103 and
light passing through the transparent portions 104A and
104B.

[0168] Although a phase shifter portion with low trans-
mittance is assumed as the phase shifter portion 103
used instead of a light-shielding portion in Modification 1
of Embodiment 1, a phase shifter portion with high trans-
mittance is assumed as the phase shifter portion 103 in
this modification in the same manner as in Modification
2 of Embodiment 1. Specifically, the photomask of this
modification has a cross-sectional structure similar to that
of the photomask of Modification 2 of Embodiment 1
shown in FIG. 17C.

[0169] Moreover, in this modification, the phase shifter
portion 103 with high transmittance is used when a resist
pattern to be formed is a fine line pattern with a line width
not more than a half of A/NA. In forming a fine line pattern
with a line width not more than a half of A/NA, the phe-
nomenon in question occurring as the roundness of cor-
ners in the shape of aresist pattern is remarkably caused
as a phenomenon of taper of aline end or a phenomenon
of recess of a line end.

[0170] The photomask of this modification having the
aforementioned structure exhibits good pattern formation
characteristics, and specifically, the MEF reducing effect
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and the effect to suppress the roundness of resist pattern
corners (the effect to suppress the taper of a line end in
particular), in forming a pattern on a wafer in the same
manner as in Modification 2 of Embodiment 1.

[0171] In order to simultaneously attain the MEF re-
ducing effect and the effect to suppress the roundness
of resist pattern corners by using the photomask of this
modification, the transmittance of the semi-light-shield-
ing portion is preferably not less than 5% and not more
than 30%, and in order to sufficiently attain the both ef-
fects, the transmittance of the semi-light-shielding por-
tion is preferably not less than 10% and not more than
20% as in Modification 2 of Embodiment 1.

[0172] Furthermore, in order to stably form a resist pat-
tern even when the CD value of the opposing distance
between resist patterns is reduced in this modification, a
transparent portion provided in a pattern opposing region
is surrounded with a semi-light-shielding portion and the
width, along the direction vertical to the pattern opposing
direction, of the transparent portion is set to be smaller
than the length of a side extending along the vertical di-
rection (i.e., the opposing width) of each rectangular pat-
tern (each phase shifter portion) in the same manner as
in Modification 2 of Embodiment 1.

[0173] Furthermore, since the semi-light-shielding
portion disposed in a pattern opposing region is provided
so as to surround the periphery of the mask pattern (i.e.,
the periphery of respective phase shifter portions corre-
sponding to the pattern regions) also in this modification
as in Modification 2 of Embodiment 1, the optical prox-
imity correction for adjusting the dimensions of a resist
pattern including the dimension of a part in the vicinity of
the opposing region can be easily performed.

[0174] The dimension along the pattern opposing di-
rection of the semi-light-shielding portion disposed
around the pattern opposing region may be longer or
shorter than the opposing distance between the pattern
regions also in this modification as in Modification 2 of
Embodiment 1. However, in the same manner as in Em-
bodiment 1, for preventing the roundness of resist pattern
corners, the dimension (the width), along the direction
vertical to the pattern opposing direction, of the semi-
light-shielding portion disposed in and around the pattern
opposing region is preferably larger than the dimension
(the opposing width) along the vertical direction of the
pattern region made of the phase shifter portion (namely,
the semi-light-shielding portion is preferably provided not
only in the pattern opposing region but also outside (in
the periphery) of the opposing region).

[0175] Moreover, in this modification, the semi-light-
shielding portion 102 provided in the pattern opposing
region need not be in contact with the rectangular pattern
made of the phase shifter portion 103, but the semi-light-
shielding portion 102 and the phase shifter portion 103
may be spaced from each other by providing, between
the semi-light-shielding portion 102 and the phase shifter
portion 103, a transparent portion with a dimension not
affecting an optical image formed by using the photo-
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mask.

[0176] Furthermore, the semi-light-shielding portion
102 provided in the pattern opposing region need not
completely surround the first transparent portion 104A,
but a transparent portion with a dimension not affecting
an optical image formed by using the photomask may be
disposed so as to divide the semi-light-shielding portion
102.

[0177] Moreover, in this modification, the semi-light-
shielding portions 102 provided around the respective
pattern opposing regions 105 may be mutually connect-
ed along a direction of opposing the long sides of the
plural pattern regions. In other words, the semi-light-
shielding portion 102 may be continuously provided for
the mask pattern including a plurality of phase shifter
portions 103.

[0178] Also, in this modification, one of a pair of pattern
regions sandwiching the pattern opposing region 105
may be a phase shifter portion 103 and the other may
be a light-shielding portion.

EMBODIMENT 2

[0179] A photomask fabrication method according to
Embodiment 2 of the invention will now be described with
reference to the accompanying drawings.

[0180] FIG. 29 is a plan view of a photomask to be
fabricated by the photomask fabrication method of this
embodiment. The basic structure of the photomask of
FIG. 29 is the same as the basic structure of the photo-
mask according to Modification 2 of Embodiment 1
shown in FIG. 17B. Specifically, a mask pattern of the
photomask of FIG. 29 includes a pair of rectangular
phase shifter portions 103 (a pair of pattern regions) op-
posing and close to each other. Furthermore, a semi-
light-shielding portion 102 is provided between a first
transparent portion 104A disposed in a region sand-
wiched between the pair of pattern regions (a pattern
opposing region) and each pattern region (namely, each
phase shifter portion 103). Also, the semi-light-shielding
portion 102 is provided also around corners of each
phase shifter portion 103 (namely, each pattern region)
including its corners on a side of the pattern opposing
region. Specifically, the semi-light-shielding portion 102
is provided so as to surround the first transparent portion
104A disposed in the pattern opposing region and sur-
round the periphery of the mask pattern (namely, the pe-
riphery of the phase shifter portions 103 corresponding
to the pattern regions).

[0181] It is noted that a transparent substrate 100 (a
second transparent portion 104B) is omitted in FIG. 29.
As shownin FIG. 29, forexample, a light-shielding portion
101 used as an alignment mark is provided on the trans-
parent substrate in a region other than a mask pattern
forming region.

[0182] FIGS. 30A through 30J are cross-sectional
views (of the cross-sectional structure taken on line AB
of FIG. 29) for showing procedures in the photomask
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fabrication method of this embodiment. FIGS. 31A
through 31C are plan views respectively corresponding
to FIGS. 30C, 30G and 30J, whereas the mask pattern
forming region alone is shown in FIGS. 31A through 31C.
[0183] First, as shown in FIG. 30A, a metal thin film
112 of Mo and a Cr film 111 are successively formed as
a semi-light-shielding film and a light-shielding film, re-
spectively on a transparent substrate of, for example, a
quartz substrate 110, and thereafter, a resist film 121 is
formed on the Cr film 111.

[0184] Next, as shown in FIG. 30B, the resist film 121
is patterned by lithography, so as to form a resist pattern
121A for covering a region for a light-shielding portion
101 and a region for a semi-light-shielding portion 102.
[0185] Then, the Cr film 111 and the metal thin film
112 are successively etched by using the resist pattern
121A as a mask, so as to remove the Cr film 111 and
the metal thin film 112 in regions for transparent portions
104A and 104B and regions for phase shifter portions
103 (a pair of pattern regions included in a mask pattern)
as shown in FIGS. 30C and 31A. Thereafter, the resist
pattern 121A is removed as shown in FIG. 30D. Thus,
the surface of the quartz substrate 110 is exposed in the
regions for the transparent portions 104A and 104B and
the regions for the phase shifter portions 103.

[0186] Next, as shown in FIG. 30E, a resist film 122 is
formed on the patterned Cr film 111 and the quartz sub-
strate 110, and thereafter, the resist film 122 is patterned
by the lithography, so as to form a resist pattern 122A
for covering the region for the second transparent portion
104B as shown in FIG. 30F. At this point, the Cr film 111
(covering the region for the light-shielding portion 101
and the region for the semi-light-shielding portion 102)
excluding a part thereof disposed in the vicinity (substan-
tially corresponding to a mask alignment margin) of the
region for the phase shifter portion 103 may be covered
with the resist pattern 122A.

[0187] Next, the quartz substrate 110 is etched by us-
ing the resist pattern 122A and a part of the Cr film 111
as a mask, so as to trench the quartz substrate 110 in
positions corresponding to the regions for the phase shift-
er portions 103 (the pair of pattern regions included in
the mask pattern) by a depth for inverting the phase of
transmitted light. Thus, trench portions 115 used as the
phase shifter portions 103 are formed as shown in FIGS.
30G and 31B, and then, the resist pattern 122A is re-
moved as shown in FIG. 30H. At this point, the opening
width of each trench portion 115 is substantially the same
as the opening width of the Cr film 111.

[0188] Then, as shown in FIG. 30l, after forming a re-
sist pattern 123A for covering the region for the light-
shielding portion 101, the Crfilm 111 (covering the region
for the light-shielding portion 101 and the region for the
semi-light-shielding portion 102) is etched by using the
resist pattern 123A as a mask, so as to remove the Cr
film 111 in the region for the semi-light-shielding portion
102. Thereafter, the resist pattern 123A is removed.
Thus, the Cr film 111 remains merely in the region for
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the light-shielding portion 101 as shown in FIGS. 30J
and 31C, and the metal thin film 112 is exposed in the
region for the semi-light-shielding portion 102. In this
manner, the photomask shown in FIG. 29 is completed.
[0189] Although the photomask according to Modifica-
tion 2 of Embodiment 1 shown in FIGS. 17B and 17C is
exemplified in this embodiment, in the case where the
pair of pattern regions included in the mask pattern are
both light-shielding portions 101 (namely, in the case
where the photomask according to Embodiment 1 shown
in FIGS. 1B and 1C is to be fabricated), the Cr film 111
and the metal thin film 112 are allowed to remain in the
pair of pattern regions included in the mask pattern in the
procedure shown in FIGS. 30C and 31A; the procedures
shown in FIGS. 30E, 30F, 30G and 31B, and 30H are
omitted; and the Cr film 111 and the metal thin film 112
are allowed to remain in the pair of pattern regions in-
cluded in the mask pattern in the procedure shown in
FIG. 30l. Alternatively, in the case where one of the pair
of pattern regions included in the mask patternis a phase
shifter portion 103 and the other is a light-shielding por-
tion 101, the Cr film 111 and the metal thin film 112 are
removed in one of the pattern regions with the Cr film
111 and the metal thin film 112 allowed to remain in the
other pattern region in the procedure shown in FIGS. 30C
and 31A; the quartz substrate 110 is trenched in the
former pattern region by a depth for inverting the phase
of transmitted light so as to form the trench portion 115
used as the phase shifter portion 103 in the procedure
shown in FIGS. 30G and 31B; and the Cr film 111 and
the metal thin film 112 are allowed to remain in the latter
pattern region in the procedure shown in FIG. 30I.

EMBODIMENT 3

[0190] A pattern formation method according to Em-
bodiment 3 of the invention, and more specifically, a pat-
tern formation method using the photomask according
to any of Embodiment 1 and its modifications (hereinafter
referred to as the photomask of the invention) will now
be described with reference to the accompanying draw-
ings.

[0191] FIGS. 24A through 24D are cross-sectional
views for showing procedures in the pattern formation
method of Embodiment 3.

[0192] First, as shown in FIG. 24A, a target film 301
of, for example, a metal film or an insulating film is formed
on a substrate 300, and thereafter, a positive resist film
302is formed on the target film 301 as shownin FIG. 24B.
[0193] Next, as shown in FIG. 24C, the resist film 302
is irradiated with exposing light 303 through the photo-
mask of this invention, for example, the photomask of
Modification 2 of Embodiment 1 having the structure
shown in FIGS. 17A through 17C. Thus, the resist film
302 is exposed with the exposing light 304 having passed
through the photomask. At this point, a mask pattern of
the photomask includes a pair of phase shifter portions
103 and the pair of phase shifter portions 103 are sur-
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rounded with a semi-light-shielding portion 102. Also, a
first transparent portion 104A is provided between the
pair of phase shifter portions 103 so as to be surrounded
with the semi-light-shielding portion 102. The semi-light-
shielding portion 102 corresponds to a bare region of a
metal thin film (a semi-light-shielding film) 112 deposited
on a quartz substrate 110, and the phase shifter portion
103 corresponds to a trench portion 115 of the quartz
substrate 110 in a part thereof where the metal thin film
112 has been removed.

[0194] In the exposure procedure shown in FIG. 24C,
the resist film 302 is subjected to the exposure by using
a light source of, for example, oblique incident exposure
(off-axis illumination). In this case, as shown in FIG. 24C,
merely a latent image portion 302a of the resist film 302
corresponding to a region of the photomask excluding
the mask pattern (i.e., the transparent portions 104A and
104B and the semi-light-shielding portion 102) is irradi-
ated at exposure energy sufficiently high for allowing the
resist to dissolve in development.

[0195] Next, the resist film 302 is developed so as to
remove the latent image portion 302a, thereby forming
resist pattern 305 corresponding to the mask pattern of
the photomask (i.e., a pair of resist patterns correspond-
ing to a pair of phase shifter portions 103) as shown in
FIG. 24D.

[0196] Inthisembodiment, since the photomask of this
invention (specifically, the photomask of any of Embod-
iment 1 and its modifications) is used in the pattern for-
mation method, the same effects as those attained in
Embodiment 1 or its modifications can be attained.
[0197] Furthermore, in this embodiment, when an ob-
lique incident exposure light source is used in the expo-
sure, performed through the photomask of this invention,
of a substrate (a wafer) on which a resist has been ap-
plied, the effects of this invention (namely, the effect to
suppress the roundness of resist pattern corners and the
recess of ends derived from the roundness and the MEF
reducing effect in a pattern opposing region) can be par-
ticularly remarkably exhibited, and therefore, a finer pat-
tern can be formed. Herein, an oblique incident exposure
light source means a light source as shown in any of
FIGS. 25B through 25D obtained by removing a vertical
incident component (a component of the exposing light
vertically entering the photomask from the light source)
from a general exposure light source of FIG. 25A. Typical
examples of the oblique incident exposure light source
are an annular exposure light source of FIG. 25B and
quadrupole exposure light sources of FIGS. 25C and
25D. Although slightly depending upon a target pattern,
the quadrupole exposure light source is generally more
effectively used than the annular exposure light source
for improving the contrast and increasing the DOF.

Industrial Applicability

[0198] As described so far, the present invention re-
lates to a photomask and a pattern formation method,
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and is very useful in application to fine pattern formation
employed in the fabrication of a semiconductorintegrated

circuit device or the like.

said first pattern region and said second pattern re-
gion excluding said corners.

27

7. The photomask of Claim 1,
5 wherein said semi-light-shielding portion transmits
Claims the exposing light in a phase difference not less than
(-30 + 360 x n) degrees and not more than (30 + 360
A photomask comprising a mask pattern provided x n) degrees with respect to said transparent portion
on a transparent substrate having a transparent (wherein n is an integer).
property against exposing light, further comprising, 70
on said transparent substrate: 8. The photomask of Claim 1,
wherein said semi-light-shielding portion has trans-
a semi-light-shielding portion for partially trans- mittance not less than 5% and not more than 30%
mitting the exposing light; against the exposing light.
a first transparent portion surrounded with said 75
semi-light-shielding portion and having a trans- 9. The photomask of Claim 1,
parent property against the exposing light; and wherein a distance between said first pattern region
a second transparent portion surrounding said and said second pattern region is not more than M
mask pattern and having a transparent property x MNA (wherein A indicates a wavelength of the ex-
against the exposing light, 20 posing light and M and NA respectively indicate a
wherein said mask pattern includes a first pat- reduction ratio and numerical aperture of a reduction
tern region and a second pattern region oppos- projection optical system of a projection aligner).
ing each other with at least a part of said semi-
light-shielding portion and said first transparent 10. The photomask of Claim 1,
portion sandwiched therebetween, and 25 wherein said first transparent portion has a dimen-
said semi-light-shielding portion, said first trans- sion, along a direction vertical to an opposing direc-
parent portion and said second transparent por- tion of said first pattern region and said second pat-
tion transmit the exposing light in an identical tern region, smaller than dimensions, along the ver-
phase. tical direction, of said first pattern region and said
30 second pattern region.
The photomask of Claim 1,
wherein said semi-light-shielding portion is provided 11. The photomask of Claim 1,
around corners, disposed on a side of said first trans- wherein each of said first pattern region and said
parent portion, of at least one of said first pattern second pattern region is in a rectangular shape.
region and said second pattern region. 35
12. The photomask of Claim 11,
The photomask of Claim 1, wherein a short side of said first pattern region op-
wherein said second transparent portion surrounds poses a short side of said second pattern region.
the periphery of a region including said semi-light-
shielding portion, said first pattern region and said 40 13. The photomask of Claim 12,
second pattern region. wherein said short side of said first pattern region
and said short side of said second pattern region
The photomask of Claim 1, have the same dimension.
wherein said second transparent portion surrounds
the periphery of said first pattern region and said 45 14. The photomask of Claim 12,
second pattern region in such a manner as to space wherein said short side of said first pattern region
said first pattern region and said second pattern re- has a smaller dimension than said short side of said
gion from said semi-light-shielding portion. second pattern region.
The photomask of Claim 1, 50 15. The photomask of Claim 11,
wherein said semi-light-shielding portion surrounds wherein a short side of said first pattern region op-
the periphery of said first pattern region and said poses a long side of said second pattern region.
second pattern region.
16. The photomask of Claim 1,
The photomask of Claim 5, 55 wherein said semi-light-shielding portion is made of
wherein said semi-light-shielding portion has a larger a metal thin film with a thickness of 30 nm or less.
width around corners of said first pattern region and
said second pattern region than in the periphery of 17. The photomask of Claim 1,
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wherein each of said first pattern region and said
second pattern region is made of a light-shielding
portion substantially not transmitting the exposing
light.

The photomask of Claim 1,

wherein each of said first pattern region and said
second pattern region is made of a phase shifter por-
tion for transmitting the exposing lightin an opposite
phase to the exposing light passing through said
transparent portion.

The photomask of Claim 1,

wherein one of said first pattern region and said sec-
ond pattern region is made of a light-shielding portion
substantially not transmitting the exposing light and
the other is made of a phase shifter portion for trans-
mitting the exposing light in an opposite phase to the
exposing light passing through said transparent por-
tion.

The photomask of Claim 17 or 19,
wherein said light-shielding portion has transmit-
tance of 1% or less against the exposing light.

The photomask of Claim 17 or 19,

wherein said semi-light-shielding portion is made of
a semi-light-shielding film formed on said transpar-
ent substrate, and

said light-shielding portion is made of a light-shield-
ing film further stacked on said semi-light-shielding
film.

The photomask of Claim 18 or 19,

wherein said phase shifter portion transmits the ex-
posing light in a phase difference not less than (150
+ 360 x n) degrees and not more than (210 + 360 x
n) degrees with respect to said transparent portion
(wherein n is an integer).

The photomask of Claim 18 or 19,

wherein said semi-light-shielding portion is made of
a semi-light-shielding film formed on said transpar-
ent substrate, and

said phase shifter portion is made of a phase shifting
film further stacked on said semi-light-shielding film.

The photomask of Claim 18 or 19,

wherein said semi-light-shielding portion is made of
a semi-light-shielding film formed on said transpar-
ent substrate, and

said phase shifter portion is made of an opening
formed in said semi-light-shielding film.

The photomask of Claim 24,
wherein said transparent substrate is trenched in
said opening formed for said phase shifter portion.
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26.

27.

28.

29.
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A method for fabricating the photomask of Claim 18,
comprising the steps of:

(a) forming a semi-light-shielding film on said
transparent substrate;

(b) removing said semi-light-shielding film in a
region for said first transparent portion, a region
for said second transparent portion, said first
pattern region and said second pattern region;
and

(c) forming said phase shifter portion by trench-
ing said transparent substrate in said first pattern
region and said second pattern region by a given
depth after the step (b).

A pattern formation method using the photomask of
Claim 1, comprising the steps of:

(a) forming a resist film on a substrate;

(b) irradiating said resist film with the exposing
light through said photomask; and

(c) forming a resist pattern by developing said
resist film having been irradiated with the expos-
ing light.

The pattern formation method of Claim 27,
wherein oblique incident illumination is employed in
the step (b).

The pattern formation method of Claim 27 or 28,
wherein said resist film is a positive resist film, and
afirstresist pattern corresponding to said first pattern
region and a second resist pattern corresponding to
said second pattern region are formed as said resist
pattern in the step (c).



EP 1 992 988 A1

FIG. 1A

260
FIG. 1B 409

102
A 104A ) 101

!
N

7

I

104B /// i

NN \%

— i N ’ \l '
B 105

104B 102 101 102 104B

FIG. 1C —
111
0

1912
A [ N B

~~110

29



EP 1 992 988 A1

FIG. 2A

[Type1]

e ——
Pt

S~ o
Bt R

FIG. 2B
CD 80nm

V%%

FIG. 3A 100nm

102m\

CD 80nm

e

30

F1G. 3B




EP 1 992 988 A1

200nm

FIG. 4A
[Type3] oo
T ==
102w\\\\§¥\104/\
FIG. 4B

CD 80nm

e

31



EP 1 992 988 A1

FIG. bA FIG. 5B

200 200

150

T

100

T

CD [nm]

50

T

20 40 60 80 100

S [nm]

FIG.5C

Typed

20 40 60

S [nm]

MEF

- -
- n
O_Il|||||||:|!l!lll!l|l!ll

40 60 80 100 120 140 160

CD [nm]

32

80

100



EP 1 992 988 A1

FIG. 6A 100nm

300nm )\\\\\\\\ ‘ 600nm

/U(

102;" NN '\\\\104A
100nm
FI1G. 6B
101 300nm ‘ 600nm
102:\ \104A
~R=140nm
FIG.6C

MEF
N w o) o1 D ~
e ‘ T T i

40 60 80 100 120 140 160
CD [nm]

33



FIG. 7A

EP 1 992 988 A1

\
U
104A
NN
H R
8 ! "-102
101
\Y
FIG. 7B
U
104A
NN
H R
¢ T
101
N102
vV
FIG.7C
U
104A
NS 7
H R
7
( IN
101

34




FIG. 8A

EP 1 992 988 A1

104A

101

FIG. 8B

——102

101

FIG.8C

101

~——102

Nia
N\




EP 1 992 988 A1

104A

36



EP 1 992 988 A1

FIG. 10A

FIG. 10B

A
!
e
104B+ //
NSNS SN
T
B

104B 102 103 102104B
FIGlOC — A 2t
113
¢
112
A [© <] B

~~110

37



EP 1 992 988 A1

FIG.11A
LTypei] s 600nm
e
/// S // 200nm
FIG.11B CD=80nm 1}9
N /
FIG.12A 100nm

[Type2]
103 300nm \X 600nm
3 TN \\\
/// S /‘/ 200nm

FIG.12B
CD=80nm 119
g§%%§2%%%%§ ;;;%g gwr

38




EP 1 992 988 A1

FIG.13A
[Type3]
103 300nm
{

600nm

200nm

FI1G. 13B

l77

119

39




EP 1 992 988 A1

FIG. 14

MEF

60 gb 10 120 140 160
CD [nm]

FIG. 15

102 104A

S A 103 ‘
J ! (

40




FIG. 16A

EP 1 992 988 A1

104B
104B
104B 102 103 102 102 101 102104B
e % ~—
152 152 153
151 8 &/ 8 151
A IRV % IB/ Ct ’ AelD
150 150
FIG. 16B
104B
104B
104?1192 193 102 S1q2 191 1921045
152 152 153
154 ) ) 154
Az B C & A D
150 150

41



FIG. 17A

EP 1 992 988 A1

L ) A
200
FIG.17B
100
)
102
’,* 10\58
| i
104B—- T T
N//zi . e
AN , ) N
é 103
104A
FIG.17C 104B 102 103 102 104B

e o S

"1

A [ e\iB

110

42




EP 1 992 988 A1

FIG. 18A
[Typel] 1(33 . i
//' S }//(\/ w_75nm
. ]
FIG. 18B CD=66nm 1(1,9
FIG. 19A
[Type2] 100nm

103 300nm \\\\ 600nm
8 , N NN

S // 75nm

1 \ )
102v~\~ AN

CD=66nm

FI1G. 198

119

i o




EP 1 992 988 A1

FIG. 20A

[Type3]

600nm

\ /)}/ 75nm
102_} R \/\\1 04A

FIG 20B - CD=66nm 119

v o

FIG. 21

MEF

| I Lo

0 90 100110120

40 50 60 70 8
CD [nm]

44



EP 1 992 988 A1

FIG. 22

104A
1(()1 c
< ’ DANNNNAN Q
S5
12 .
&\\I\ NN - J
\ i O
103 B LTk
8 D

102

45



EP 1 992 988 A1

091 091 091 091

( ( ( ﬁ /
[ _\w_ _W
\47 N N DW%_\ ! Omm \4
TS mw_o mﬁ%w oL £91”191 NMP 191 g9l
pol o
AL A avol/ 101 | Javol] eot Javol
ayor/ 10t | f@vol/ eor (avol 201 201 2oL 2ol
201 201 [ 201 2ol . arol .
arol dec¢ OId dE¢ D14
091 091 091 091
( ( ( w (
d v g Om_é R \4 da m_\ m - Omm N v
() qmp LIRS 19] “e09}
y91 o
A avol/ 101 /[ Javol] o1 [avol
avor/ 101 | Javol] €0t [avol 201 201 [ 201 2ol
201 201 zoL zol arol

avol INARIR Ve D14

46



EP 1 992 988 A1

FIG. 24A

~~ 301
~~ 300

FIG.24B s

~~ 300

BIG.24C [PV e

102 103 102 102 1093 102
104B } }1 04A} } 1048
Y S Y Y

|77 ) S )

15 19 115

304~ 304/”i1‘2 304
302a 302 302a 302 302a
> 4 S 8 Y
-

~~110

~~ 301
~~ 300

FIG. 24D

305AW\\ ) N W/FSOS
~~ 301

~~ 300

47



EP 1 992 988 A1

FIG. 25A FIG.25C

[GENERAL EXPOSURE [QUADRUPOLE EXPOSURE
LIGHT SOURCE] LIGHT SOURCE]
FIG.25B F1G. 25D

[ANNULAR EXPOSURE [ANNULAR/QUADRUPOLE
LIGHT SOURCE] EXPOSURE LIGHT SOURCE]

48



EP 1 992 988 A1

FIG. 26A

PRIOR ART

13 11 EXTERNAL
( H LENGTH A

12 I
)

i OPPOSING
REGION

EXTERNAL

LENGTH B
FIG. 26B
PRIOR ART
21
23
| Y

PEOO %
20 ) 0




FIG.27A
PRIOR ART
30
FIG.27B
PRIOR ART
50
S
o4~ 53
o] <\_, ]
//// \\
\ g L—~52 j

EP 1 992 988 A1

> 51

50



EP 1 992 988 A1

arol—

00¢ -~

€01

0
)
2

<vo—

mwoﬁ

)

X
X
=

moﬁ

=5
=%
%

<

mvo_

o0 U

avol

d8¢ D14

V8¢ D14

51



EP 1 992 988 A1

FI1G. 29

102

||

=
:

104
N

N

103

52



EP 1 992 988 A1

FIG. 30A FIG. 30F
182 1[50
NS
110~ 110~ | 3 )
FIG. 306G
122A~ 7 115 =
mxé 8
112~
110~
FIG. 30H
115 115
112 2 SIS 8
110
F1G. 30D  FIG.301 -
, 115 115
S B § NSNS =
110~ | 3 110f )
. M
FIG. 30F FIG.30] Al
120~ ] [ 115 115 ”31
1}&@??:2:?:ir?:@:1:§1:3:1:1:1:1:i:1§ 19 8 . 8
110~ | j 110?

53



EP 1 992 988 A1

FIG.31A

110 110 121A
}A /

FIG. 31B 115(103)  115(103)
r

/

1

—
—h

FIG.31C

112(102)
110(104A)

115(103) ——110(104B)

54



EP 1 992 988 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2007/053604

A. CLASSIFICATION OF SUBJECT MATTER
GO3F1/08(2006.01)1

According to International Patent Classification (IPC) or to both national

classification and IPC

B. FIELDS SEARCHED

GO03F1/08

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2007

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Kcho
Toroku Jitsuyo Shinan Koho

1996-2007
1994-2007

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2003/062923 Al (Matsushita Electric 1-29
Industrial Co., Ltd.),
31 July, 2003 (31.07.03),
Full text; all drawings
& EP 1408373 Al & US 2004/121244 Al
& KR 2004030061 A & TW 576946 A
& JP 2003-562723 A & KR 2006002042 A
A JP 2001-142195 A (NEC Corp.), 1-29
25 May, 2001 (25.05.01),
Full text; all drawings
(Family: none)
A JP 2002-107909 A (NEC Corp.), 1-29
10 April, 2002 (10.04.02),
Full text; all drawings
& US 2002/039692 Al & KR 2002026848 A

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
29 March, 2007 (29.03.07)

Date of mailing of the international search report
10 April, 2007 (10.04.07)

Name and mailing address of the ISA/
Japanese Patent Office

Hacsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2005)

55




EP 1 992 988 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2007/053604

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2004-070040 A (Matsushita Electric 1-29
Industrial Co., Ltd.),

04 March, 2004 (04.03.04),
Full text; all drawings

& US 2001/049064 Al & KR 2001108835 A
& TW 505973 A & US 6653028 B2
A JP 2002-055364 A (Hynix Semiconductor Inc.), 1-29

20 February, 2002 (20.02.02),
Full text; all drawings

& US 2001/049064 Al & KR 2001108835 A
& TW 505973 A & US 6653028 B2
P,A JP 2006-221078 A (Renesas Technology Corp.), 1-29

24 August, 2006 (24.08.06),
Full text; all drawings
& US 2006/183030 Al

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

56



EP 1 992 988 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e JP 7219207 A[0011]

57



	bibliography
	description
	claims
	drawings
	search report

